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HERAPEUTIC inhibition of anterior pituitary activity by sub- 

stances other than estrogens has long been a provocative if hitherto 
unproductive field of investigation. Such an action would be important in 
diseases due to pituitary hyperactivity. For this reason the recent claim 
by Perrault (1) in France, that pituitary inhibition is a property of a syn- 
thetic compound, p-hydroxypropiophenone (PHP), seemed worthy of criti- 
cal study. 

EXPERIMENTAL 


I. The estrogenic activity of PHP was tested in 9 spayed female rats, 
each weighing about 250 Gm. The substance was first added to the diet 
(daily dose, 15 to 25 mg.), then administered in the form of 280-mg. pellets 
implanted subcutaneously, and finally given as a water suspension by 
stomach tube (200 mg. daily). All results were negative, judged by vaginal 
smears and uterine weights. 

II. The antithyrotropic effects of PHP were tested in propylthiouracil- 
treated rats and in thyroidectomized rats. Criteria of activity were inhibi- 
tion of gain in thyroid weight and absence of thyroidectomy cells in the 
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anterior pituitary. In the first experiment 30-day-old female rats were di- 
vided into two groups of 13 animals each and treated as follows: group I 
received propylthiouracil in a dose of 2.5 mg. per Gm. of food, and group IT 
received propylthiouracil (2.5 mg.) plus PHP (1.0 mg.) per Gm. of food. 
The animals were sacrificed on the fifteenth day. Although thyroid weight 
was somewhat decreased in group II (mean, 20.5 mg.), in comparison with 
group I (mean, 25.2 mg.), this difference was not statistically significant. 

In the second experiment two groups of 10 female rats, each weighing 
about 100 Gm., were thyroidectomized and PHP added to the food of one 
of these groups as in the previous experiment. On the twenty-fifth day the 
animals were sacrificed. Histologic study of the pituitary did not reveal any 
difference between the two groups. 

III. Two groups of 24 female rats, 21 days old and 34 days old, re- 
spectively, were subdivided into four groups as follows: a) spayed, treated; 
b) spayed controls; ¢) intact, treated; d) intact controls. PHP was ad- 
ministered in the diet as in previous experiments. The animals were 
sacrificed at the end of twenty-five days. No significant change was noted 
in any of the organs studied (pituitary, ovaries, uterus, adrenals, thymus, 
thyroids and kidneys). Uterine weight was somewhat greater and ovarian 
weight was smaller in the treated animals than in their controls. There was 
no decrease in castration cells of the pituitary in the spayed, treated ani- 
mals. 

IV. Two groups of 24 male rats, 21 days old and 30 days old, respec- 
tively, were subdivided into four groups of 6 animals each as follows: 
a) castrate, treated; b) castrate controls; ¢) intact, treated; d) intact con- 
trols. The treated animals received PHP in the diet as previously, and 
also in the form of 200-mg. pellets implanted subcutaneously. The experi- 
ment was terminated at the end of four weeks and the organs were fixed, 
weighed and sectioned. Seminal vesicles and prostate were weighed fresh, 
and alkaline phosphatase determined in the latter organ by the method of 
Huggins and Talalay (2). The results are shown in Table 1. 

There was a decrease in the weight of the pituitary of the treated ani- 
mals, both castrate and intact, which was statistically significant (P <0.01). 
In the intact, treated animals there was an inhibition of seminal vesicle 
and prostate weights and prostatic phosphatase content, which was signifi- 
cant only for the 21-day-old animals (P <0.01) when compared with their 
respective controls. No significant effect was observed on testes or kidneys. 
There was an increase in adrenal weight (calculated per 100 grams of body 
weight) in the treated animals, with pronounced thymus involution. The 
weight of the thyroids “‘pooled” for both age groups, revealed an inhibition 
in the treated animals which was significant only for the intact rats 
(P <0.01). Body growth was inhibited in all treated animals. 
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V. PHP was administered to a dog with hypertension of a month’s 
duration following silk (wrapped kidneys) perinephritis and unilateral 
nephrectomy. The blood pressure was persistently elevated at a level of 
+200 mm. of Hg. No change in blood pressure resulted from administra- 
tion of PHP in oral doses up to 500 mg. daily for a month. 


CLINICAL TRIALS 


p-Hydroxypropiophenone was administered to 5 patients suffering from 
the following conditions: 2 with long-standing male prepuberal hypo- 
gonadism, 2 with Graves’ disease, and 1 with acromegaly. 

I. In the first 2 patients eunuchoidism had followed cryptorchidism and 
had been controlled for some years with testosterone. Their urinary gonad- 
otropins ran consistently above 318 M.u. by the method of Klinefelter et 
al. (3) and both had a slight degree of gynecomastia. PHP was adminis- 
tered orally in 250-mg. capsules in doses ranging from 750 to 1,500 mg. 
daily for sixty-five and seventy days, respectively. Testosterone was dis- 
continued during PHP administration in one patient while the other con- 
tinued to receive testosterone in doses that were known by previous assays 
not to inhibit his gonadotropin excretion. In neither case did PHP cause a 
decrease in urinary gonadotropins. There were no subjective or objective 
changes noted. 

II. The 2 women suffering from Graves’ disease and the menopause had 
moderate exophthalmos (AP, in mm.: OD 23, OS 20; fissures: OD 12, OS 11, 
for one patient. AP: OD 21, OS 22; fissures: OD 12, OS 15, for the other). 
The BMR was normal in both patients at the time of treatment; one of 
them had received radioactive iodine prior to PHP administration. PHP 
was administered in doses of 750 to 2,000 mg. daily for sixty-eight to 
seventy-five days, respectively. There was no change in the degree of 
exophthalmos (AP, in mm.: OD 23, OS 20; fissures OD 11, OS 12. AP: 
OD 21, OS 22; fissures: OD 12, OS 15, respectively). The urinary gonado- 
tropins remained elevated, above 318 M.v. In both cases there was some 
elevation of serum cholesterol, not considered significant. 

III. The last patient was a 47-year-old woman suffering from acromeg- 
aly and hypertension of ten to eleven years’ duration. She had been given 
estrogens, which lowered the level of the blood phosphorus, reduced the 
size of her hands and corrected the diabetic type of glucose tolerance 
curve. At the time of PHP administration she had not taken estrogen for 
three months. PHP was administered in doses ranging from 750 to 1,500 
mg. per day for fifty-six days, in spite of which her condition became worse, 
the level of blood phosphorus remained high (5.2 mg.), there was no change 
in size of the hands, and arterial pressure remained elevated. 
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DISCUSSION 


Inhibition of pituitary gonadotropins by large doses of estrogenic hor- 
mones is now a well known fact. This inhibition has been demonstrated by 
different means in animal experiments (4, 5, 6). In man, it was strikingly 
demonstrated by assay of pituitaries obtained post mortem from meno- 
pausal women treated with estrogens; the pituitaries showed great decrease 
in gonadotropin content (7). The question of dosage is important, since 
either small dosage or short-term administration of estrogens seems to 
stimulate LH release (8, 9). 

Estrogen inhibition of other pituitary tropic hormones rests on some- 
what iess firm grounds. There is some evidence, both experimental (10) 
and clinical (11), that estrogens will inhibit growth hormone when given 
in adequate amounts. The inhibition of thyrotropin is subject to question 
and actual proof is still lacking (12). Beneficial results from the use of 
large doses of estrogens in the treatment of Graves’ disease have been 
claimed (13). On the contrary, ACTH is stimulated by estrogen (14, 15). 

Since true pituitary inhibition is obtained only with large doses, which 
result in undesirable estrogenic effects, the aim of therapeutic research in 
this field is the dissociation of estrogenic and pituitary-inhibiting activity. 
Attention has been centered for some time on certain lactone derivatives 
of estrone. Smith (16, 17) originally found a stimulation of gonadotropins, 
_ possibly due to an increase in LH release, after treatment of rats with 
Westerfeld’s lactone. A similar compound prepared by Jacobsen (18) 
yielded the same results, whereas estrolic acid and its derivatives inhibited 
gonadotropin secretion in immature female rats. 

Subsequently Bradbury (19), using Westerfeld’s lactone in doses which 
were mildly estrogenic, found no significant change in the gonadotropin 
content of the pituitary of the immature rat. More recently Mortimore 
et al. (20) assayed 14 different steroids for pituitary-inhibiting properties, 
but estrololactone prepared by Jacobsen’s method was the only active 
substance. Its estrogenic activity, moreover, was in excess of its pituitary- 
inhibiting activity. 

Several steroids and lactone derivatives, prepared by Dr. D. A. Prins 
in this laboratory, have been assayed for pituitary-inhibiting properties in 
immature male and female rats, single or in parabiosis, or by actual assay 
of the injected animal’s pituitary (21). The substances studied, with the 
maximum daily dose employed, are as follows: 

Iso-andrololactone acetate 1 mg. 
Etiocholanolactone acetate 1 mg. 
Marrianolic acid 500 gamma 


Marrianolic acid lactone 250 * 
Estrololactone acetate (Westerfeld) 


‘ 
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Estrololactone acetate (Jacobsen) 
Alcohol derivative of Jacobsen’s lactone 150. °° 
Alcohol derivative of Westerfeld’s lactone 100 
Alcohol derivative of marrianolic acid tea 
16//17-Androstane 38,16,17-triol 200.5% 
16//17-A 5-Androstene 36,16,17-triol 100: 
16//17-Estratriene 3,16,17-triol 200.” 
36-Hydroxy-A5-etiobilienic acid 100“ 


All the nonestrogenic lactones and steroid derivatives were also devoid 
of effect upon the pituitary. Jacobsen’s estrololactone acetate was the only 
active substance but the pituitary-inhibiting properties in all cases paral- 
leled estrogenic effects. In no case was there a stimulation of gonadotropic 
activity. It appears possible, therefore, that the apparent stimulation ob- 
served by Smith (17) and by Jacobsen (18) in female rats is attributable to 
the real, though scant, estrogenic activity of the compounds used. It is 
also apparent that these compounds inhibit gonadotropins only insofar as 
they are estrogenic. 

In view of the discouraging, hitherto unpublished, results obtained with 
the lactones the reports on propiophenone appeared promising. This sub- 
stance is related to diethylstilbestrol, in that it may be described as being 
half the stilbestrol molecule. Its estrogenic effect is extremely low (22). 
Initially, Perrault et al. (23) reported the successful treatment of a case of 
malignant chorionepithelioma with pulmonary metastases in a woman. 
The patient was still free of clinical and radiologic signs and symptoms 
eighteen months after the first report. These authors then extended their 
observations to different conditions in which pituitary hyperactivity 
seemed to be involved (1). They concluded that PHP: (a) inhibits thyro- 
tropic hormone, since it decreased the exophthalmos of Graves’ disease; 
(b) inhibits FSH and growth hormone; (c) probably stimulates LH; and 
(d) is inactive against ACTH. 

Our observations fail to substantiate these conclusions. That there is no 
inhibition of FSH appears evident from the experiments in female and 
male rats, in which there was no decrease in uterine or testicular weight. 
The possibility of LH inhibition remains when one considers that there 
was a significant decrease in the weight of the sex accessories in the 21-day- 
old male rats; in this respect our results are at complete variance with the 
conclusions of Perrault. PHP also failed to decrease the elevated urinary 
gonadotropins in 4 of the cases reported herein. 

Regarding the case of malignant chorionepithelioma reported by Per- 
rault, it should be pointed out that spontaneous remissions of these tumors 
are known to occur. 


— 
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With regard to the effect on growth, we are inclined to attribute the 
stunting of the treated animals to toxicity of the substance rather than 
inhibition of growth hormone, since adrenal weight per 100 grams of body 
weight increased and there was pronounced thymus involution. The failure 
of response in the case of acromegaly substantiates this view. 

The effect on thyrotropic hormone is questionable. Though there was a 
decrease in thyroid weight among the treated animals in Experiment No. 
IV, the substance was inactive in the thyroidectomized and in the propyl- 
thiouracil-treated rats (Experiment No. IT). It failed also to influence the 
degree of exophthalmos in the 2 cases reported. These results would be in 
agreement with recent findings by de Gennes et al. (13), who failed to ob- 
tain improvement of exophthalmos in 2 cases of Graves’ disease. That the 
question of the action of PHP on thyrotropic hormone is by no means clear 
is further illustrated by the report of Soulairac et al. (24), who found an 
increase in thyroidectomy cells (castration cells) following administration 
of the substance. 

At present it appears possible, in view of these contradictory reports, 
that the action of PHP on the pituitary may be explained simply on the 
basis of a hormonal “‘shift’’ due to the toxicity of the substance, such as 
occurs after an alarm reaction (25). 

Other possible pituitary inhibitors tested have included aqueous testicu- 
lar extracts (26) and, more recently, aqueous extracts of lithosperm 
(Lithospermum ruderale) (27, 28, 29). In our hands “inhibin”’ preparations 
did not affect gonadotropin excretion in eunuchoid patients and had no 
effect on the hypophysis of castrated rats (30). In the case of lithosperm, 
recent evidence (31) seems to indicate that inhibition of pituitary tropic 
hormones is exerted directly upon these substances, and not via the pitui- 
tary, since inactivation takes place in vitro. 


SUMMARY 


The synthetic compound p-hydroxypropiophenone (PHP) was assayed 
for pituitary-inhibiting properties, both in animals and in a small number 
of clinical cases of pituitary hyperactivity. 

No significant inhibition of pituitary function was obtained except in 
one experiment with male rats in which some inhibition of thyroid and 
sex-accessory weight occurred after administration of large doses of the 
drug. This effect is interpreted as being the result of a pituitary ‘‘shift”’ 
in hormonal activity due to nonspecific toxicity of the compound. 

It is concluded that there is yet no compound available in which pitui- 
tary inhibition has been successfully dissociated from estrogenic activity. 
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Addendum 


Since this paper was submitted for publication other reports on negative results 
with PHP have appeared. Guillemin (32), Paulsen et al. (33) and Money et al. (34), in- 
dependently, found that PHP did not inhibit somatotropin, thyrotropin or gonado- 
tropins in experimental animals. Debeyre and Rudich (35) found PHP ineffective in 
2 cases of malignant chorionepithelioma. 
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INTRODUCTION 


N PREVIOUS papers, 300 preliminary observations on the urinary ex- 
cretion of water-soluble corticosteroids by sick and healthy individuals 
have been reported (1, 2). The present communication records an addi- 
tional approximately 350 measurements and summarizes studies carried 
out to date. The data presented indicate that this measurement serves as 
a reasonably reliable index of relative rates of adrenocortical 11-17-oxy- 
corticosteroid production. 


METHODS 


Urines were collected without preservative and stored in the refrigerator. 
They were extracted and assayed according to a procedure described previ- 
ously (3), which involves chloroform extraction of fresh urine adjusted to 
pH 6.5 and extensive purification of the extracts by alkali washing, par- 
titioning between benzene and water and ketonic separation with Girard’s 
reagent. The final measurement is based upon a copper-reduction type of 
assay, as used for the determination of sugar. Because this procedure ap- 
pears to eliminate from the urine reducing agents other than water-soluble 
corticosteroids, it is apt, especially in normal and hypoadrenocortical sub- 
jects, to yield lower absolute values than are obtained by laboratories em- 
ploying methods in which the urine extracts are subjected to less extensive 
purification. In this connection, studies reported by Tompsett and Oastler 
suggest that the step involving benzene-water partition is of relatively 
little importance and that it can be eliminated without altering results to 


a major extent (4). 
In certain instances, data are recorded in terms of absolute milligrams 
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of corticosteroids excreted per day. In other instances values obtained have 
been expressed in terms of milligrams per square meter of body surface 
(M?) per day. Under this circumstance, the surface area of each individual 
was calculated from body weight or from body weight and height as de- 
scribed by Crawford (5). 


RESULTS AND COMMENTS 


The data obtained for normal and for abnormal individuals will be con- 
sidered separately. 


1. Normal subjects 


Figure 1 gives information concerning the output of corticosteroids by 
normal persons of various ages. These persons were neither under stress nor 
recovering from a recent illness during the period of urine collection. In 
the upper half of the figure (Section A), absolute values per day are shown; 
in the lower half (Section B), the same data are expressed as milligrams 
per square meter (M7?) of body surface per day. 

The data of Section A reveal that infants and small children excrete a 
lesser absolute quantity of corticosteroids than do older children and 
adults. Section B indicates, however, that with the possible exception of 
newborn infants the corticosteroid output per M? per day is nearly the 
same for individuals of all ages. In this series, the mean of 22 values ob- 
tained for 18 individuals under 7 years was 0.101, that of 30 values for 
26 persons 7 to 14 years was 0.126, and the 78 values found for 31 subjects 
15 or more years old was 0.143 mg. per M? per day. 

Figure 2 describes the distribution of normal values shown in Figure 1 B. 
The pattern shown indicates a normal distribution above and below the 
mean value of 0.132 mg. per M? per day and describes a total range of from 
about .015 to .255 mg. per M? per day. The curve running upwards from 
left to right indicates what percentage of all the measurements (right-hand 
ordinate) fell at or below the values shown along the abscissa. As given in 
Table 1, the standard deviation from the normal mean value was +.058 
mg. per M? per day. 

Comments regarding normal subjects: The observation that the excre- 
tion of corticosteroids in the urine when adjusted for body size is essen- 
tially the same in all healthy persons has been confirmed by Read, Venning 
and Ripstein (6) and Norwal and King (7). This finding has two implica- 
tions. First, it suggests that the basic needs of the healthy organism are 
proportional to size and that they are not greatly influenced by maturation 
during childhood and adolescence. This is not surprising in view of the 
apparent fundamental importance of this type of hormone in the bodily 
economy of individuals of all ages. It is, however, in sharp contrast to the 
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Fig. 1. Urinary output of corticosteroids by normal persons of various ages. Note 
that in Section A, the results are expressed as mg. per day and that in Seetion B they 
are expressed as mg. per M? of body surface per day. 
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well known fact that urinary 17-ketosteroids, which are generally thought 
also to be largely of adrenocortical origin, are eliminated at a much greater 
rate per M? per day in adolescents and adults than in infants and chil- 


dren (2, 8). 
Second, it would appear that a single normal standard with respect to 
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basal urinary corticosteroid excretion can be used for all except newly born 
infants, without regard for age or sex. This permits easy comparison of 
values obtained on patients with various conditions whether they be older 
infants, children, adolescents or adults. 

In the foregoing connection, it should be emphasized that normal stand- 
ards for corticosteroid output, like normal standards for the basal meta- 
bolic rate, were obtained on persons thought to be healthy and to be in an 
approximately basal, or stress-free state with regard to adrenocortical ac- 
tivity. A variety of factors acting through physiologic mechanisms may 
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Fig. 2. Distribution of normal values shown in Figure 1B. The interrupted curve 
which courses upward from left to right should be read against the right-hand ordinate. 
It shows what portion of all the values were equal to or less than the values indicated 
by the seale along the abscissa. The solid curve, which should be read against the 
left-hand ordinate, gives the incidence of values falling approximately at the points in- 
dicated. Note that the scale for urinary corticosteroids along the abscissa is in mg. per 
M? per day. ; 
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TABLE 1. OBSERVATIONS ON THE URINARY CORTICOSTEROID EXCRETION BY 
PERSONS WITH VARIOUS CONDITIONS 


Volume 11 


Diagnosis 


of Number of 
subjects observa- 
tions 


Urinary corticosteroids 
(mg./M?/24 hrs.) 


Standard 
deviation of 
distribution 


Mean 


Hypopituitarism 

Diabetes mellitus, controlled 

Hypothyroidism, untreated 

Hypoadrenocorticism (Addison’s 
disease) 

Osteoporosis 


15 47 
4 5 
8 11 

23 35 
6 14 


A. Low values 


-054 024 
.058 — 

.079 -053 
-089 -032 


Hypertension, essential 

Normal subjects 

Ovarian agenesis 

Rheumatic fever, quiescent 
Hirsutism, simple, nonendocrine 
Hypothyroidism under treatment 
Hypogonadism (eunuchoidism) 
Allergy 


7 8 
65 130 
3 9 
12 15 
10 10 
5 9 
5 7 
5 5 


B. Normal range 


132 
150 
154 


Cushing’s syndrome, inactive 

Cold and starvation 

Obesity, simple 

Afebrile illness 

Adrenal cortical virilism due to hy- 
perplasia 

Acromegaly 

Anorexia nervosa 

Hyperthyroidism untreated 

Febrile illness 

Adrenal cortical virilism with Addi- 
sonian symptoms 

Burn 

Cushing’s syndrome, active 

Adrenal cortical cancer 

Cushing’s syndrome, after stress of 

operation 


12 58 
2 7 
7 7 
3 6 

14 37 

10 22 
4 8 
7 7 

20 22 
3 8 
4 27 

16 64 
9 15 
4 13 


values 


079 
182 
182 
.199 
202 -079 
138 
= 
- 262 
-440 .219 
-683 -503 
1.518 1.183 
1.649 .879 


| 
.058 
.073 
| C. High 


November, 1951 URINARY WATER-SOLUBLE CORTICOSTEROIDS 1229 


induce an increase in adrenocortical activity above its basal rate (9). It 
follows that healthy persons should be expected to have corticosteroid 
values falling within the standard normal range only under stressless cir- 
cumstances. 


2. Patients with various conditions 


Figure 3 presents 640 measurements obtained on 315 patients falling 
into one of 38 diagnostic categories of which 27 are mentioned in Table 1. 
For reasons suggested previously, all results are expressed in terms of mg. 
per M? per twenty-four hours. The data set forth are divided into groups 
of low, normal and high values with reference to the data obtained on nor- 
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Fig. 3. Observations on the corticosteroid output of patients with various conditions. 
Each plot represents an individual value according to the logarithmic scale shown 
along the left-hand ordinate. The shape of the symbol gives the status of the individual 
with respect to age or phase of pregnancy, as indicated in the insert near the bottom 
of the figure. The total span of the vertical lines corresponding to each diagnosis gives 
the total range of the values obtained for patients with that diagnosis. The short, 
thick horizontal line crossing each vertical line indicates the average of the values shown 
along the latter line. In the case of the line representing normal persons, the numbers 
shown immediately above the short, thin horizontal lines correspond to the respective 
percentile points found along the interrupted curve of Figure 2. 
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mal persons. Mean values are given for each diagnostic group. Standard 
deviations of the distributions are given for those groups which contain 10 
or more observations. The classification into low, normal or high was made 
by comparing the difference between the mean value of each group and 
that of the normals with the standard error of the difference between the 
mean values. The standard errors were computed from the standard devi- 
ations of the distribution for these groups when there were 10 or more ob- 
servations; when there were less than 10 observations, the standard devia- 
tion of the normal individuals was used. When the mean value obtained 
was either below or above the normal by more than twice the standard 
error, the diagnosis involved was listed in the respective low or high 
category. The following remarks may be made concerning the groups found 
to have low, normal or high corticosteroid values. 

a) Comments regarding patients having low corticosteroid values. The 
mean corticosteroid value for patients with primary hypoadrenocorticism 
(Addison’s disease) was significantly low, though not so low as the values 
obtained for patients with hypopituitarism and with hypothyroidism. As 
shown in Figure 3, although most of the individual measurements obtained 
on the hypoadrenocortical patients were grossly subnormal, some were 
well within normal limits. Other workers, using different methods of assay, 
also have found that although most Addisonian patients show subnormal 
urinary corticosteroid values, occasionally they excrete approximately 
normal amounts of corticosteroid in the urine (10, 11). 

It is believed that the occasional normal values reported here for Ad- 
disonian patients are valid and not the result of errors of overestimation. 
If this thesis is correct, it may be inferred that some hypoadrenocortical 
patients are suffering from partial rather than total limitation in ability to 
produce corticosteroids. This partial limitation would appear to be such 
that the diseased adrenal cortices, working at or near maximum capacity 
in response to ACTH stimulation, can elaborate normal basal quantities 
of corticosteroids, but cannot secrete the larger quantities which indi- 
viduals with normal cortices ordinarily produce under conditions of stress 
in response to increased ACTH stimulation. This may explain the clinical 
observations, a) that desoxycorticosterone acetate alone constitutes effec- 
tive replacement therapy for many patients with Addison’s disease during 
periods when they are free from strain and, b) that such patients are apt 
to need 11-17-oxycorticosteroid (7.e., cortisone or adrenal cortical extract) 
therapy in addition to desoxycorticosterone when they are subject to stress 
(12). 

As mentioned previously, slightly lower mean corticosteroid values were 
obtained in patients suffering from hypopituitarism or from hypothyroid- 
ism than was the case in hypoadrenocortical subjects. On the basis of this 
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finding, one might expect patients with hypopituitarism or with hypothy- 
roidism to have at least as many manifestations of adrenocortical insuffi- 
ciency as patients with primary hypoadrenocorticism. This expectation, 
however, is not upheld by clinical-experience. In contrast to the findings in 
the average patient with primary hypoadrenocorticism, in hypopituitarism 
and in hypothyroidism the patients usually do not manifest signs of 
adrenocortical insufficiency such as dehydration, hypotension, weakness 
and hypoglycemia (10, 13). The production of adrenocortical hormones in 
hypopituitarism and in hypothyroidism, though low when compared with 
the average normal figure, would therefore seem to be approximately ade- 
quate for ordinary bodily needs. If this thesis is correct, it follows that 
pituitary and thyroid insufficiency may result in a decrease in basal adreno- 
cortical hormone requirements. 

The tendency to low urinary corticosteroid values in the small series of 
patients with reasonably well controlled diabetes mellitus and in the pa- 
tients with idiopathic osteoporosis, was unexpected. Other investigators 
have obtained normal values in well regulated diabetics (4, 10) and grossly 
elevated values in patients suffering diabetic coma (14). In the case of 
patients with osteoporosis the mean corticosteroid value falls only slightly 
below the normal range. On this account, it appears to be of doubtful 
physiologic or clinical significance. 

b) Comments regarding patients having corticosteroid values within the 
normal range. The observation that a small group of patients with essen- 
tial hypertension had a low normal mean corticosteroid value is of interest 
with relation to the possible role of the adrenal cortices in the causation of 
this condition. It suggests strongly that the hypertension is not due to 
hyperproduction of corticosteroids of the type responsible for Cushing’s 
syndrome. On the other hand, this finding does not rule out the possibility 
that the adrenal cortices of certain patients with essential hypertension 
are elaborating excessive quantities of other types of adrenocortical hor- 
mone. For example, Locke et al. (15) have observed that 2 out of 4 patients 
with essential hypertension had sweat-chloride rate index values sugges- 
tive of excess production of a hormone resembling the desoxycorticosterone 
or sodium-potassium metabolism type. The values for patients with 
ovarian agenesis were well within normal limits, which is in contrast to 
observations which indicate that the urinary 17-ketosteroid output of such 
patients tends to be somewhat lower than normal (16). This divergence in 
results obtained by separate indices of adrenocortical function is similar to 
that seen in normal individuals of various ages (2). 

Normal mean corticosteroid values also were obtained in patients having 
quiescent rheumatic fever, simple hirsutism, treated hypothyroidism, 
eunuchoidism or allergy. 
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In the case of patients with allergy (asthma, eczema) it is of interest, in 
view of their tendency to be benefited at least temporarily by ACTH and 
cortisone therapy (17), to note the high normal mean corticosteroid value. 
This finding would appear to militate against the possibility that this type 
of patient is suffering from absolute hypoadrenocorticism. 

c) Comments regarding patients having high corticosteroid values. To 
facilitate discussion, the conditions included under this heading in section 
C of Table 1 will be considered under the following somewhat arbitrary 
subheadings: 1) pathologic hyperadrenocorticism, 2) physiologic hyper- 
adrenocorticism, and 3) miscellaneous. 

1) Pathologic hyperadrenocorticism. This heading includes patients with 
signs either of Cushing’s syndrome or of virilism. In the present group, 
causes of virilism other than hyperadrenocorticism have been excluded by 
appropriate procedures. Patients with hyperadrenocorticism and signs of 
Cushing’s syndrome or virilism or both, due to adrenocortical cancer, have 
been listed separately under the latter diagnosis. The remaining patients 
were thought almost certainly to have adrenocortical hyperplasia.’ It is 
seen that, with the possible exception of patients with apparently inactive 
Cushing’s syndrome, all patients falling into this group had abnormally 
high corticosteroid values. 

The mean value obtained for patients with adrenocortical virilism was 
only moderately elevated above the normal range. This is in contrast to 
their urinary 17-ketosteroid excretion levels which were elevated to the 
high levels characteristic of patients with this disease (16, 18). Patients 
having, in addition to virilism, disturbances in electrolyte and water 
balance similar to those seen in patients with hypoadrenocorticism (19), 
had a mean corticosteroid value which was almost twice as great as that 
found for patients with simple virilism. The mean value for individuals 
with active Cushing’s syndrome (0.683 mg. per M? per day) was over three 
times as high as that for patients with simple adrenocortical virilism 
(0.202 mg. per M? per day). The mean value obtained for patients with 
adrenocortical cancer (1.518 mg. per M? per day) was considerably higher 
than those mentioned above. However, as shown in Figure 3, individual 
values obtained on patients with hyperadrenocorticism due to hyperplasia 
overlapped those found for subjects with cancer of the adrenal cortex. This 
observation indicates that random urinary corticosteroid measurements 
cannot be used as a means for distinguishing between these two types of 
adrenocortical pathology. These findings are in general agreement with 
those of others (4, 10, 11, 20, 21). 


1 This diagnosis was based in some instances upon the results of biopsy of adrenal 
tissue. In others it was based on the fact that the patient had signs of congenital adreno- 


cortical virilism. 
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The highest mean corticosteroid output occurred in patients with Cush- 
ing’s syndrome due to bilateral adrenocortical hyperplasia, in periods im- 
mediately following operative exploration of the adrenal glands. Presuma- 
bly, the increase in output over that seen in patients with this condition 
who were not operated on, is attributable to the nonspecific stress induced 
by anesthesia and surgery. This is of interest, for it suggests that patients 
with Cushing’s syndrome, like normal individuals, are capable of homeo- 
static variations in the activity of their anterior pituitary-adrenocortical 
system. 

2) Physiologic hyperadrenocorticism. Included under this heading are 
individuals suffering either stress due to cold plus starvation, miscellaneous 
afebrile or febrile illnesses, anorexia nervosa, hyperthyroidism or extensive 
thermal burn. 

Those exposed to cold and starvation were healthy, young male volun- 
teers. They were adequately clothed but lived in a room, the temperature 
of which was maintained at —20°F. They were given one liter of water, but 
no food during the six-day period of study. The mean value for this total 
period was only slightly elevated above the normal mean. The individual 
values which make up this mean underwent a slight rise above control 
values in one subject on Day 1, and in the other subject on Day 3 of the 
experimental regimen. Thereafter, values tended to return to control levels. 
Control values for the 2 subjects were .13 and .19 mg. and maximum values 
were .24 and .24 mg. per M? per day, respectively. Urinary 17-ketosteroid 
values determined simultaneously decreased 50 and 75 per cent from re- 
spective control values of 14.5 and 23.5 mg. per day during the six days of 
study. These observations suggest that this type of stress induces only a 
minor change in corticosteroid metabolism and, paradoxically, a consider- 
able change in 17-ketosteroid metabolism. Moreover, the absence of any 
large change in corticosteroid output under conditions of fasting (1) and of 
fasting plus exposure to cold is noteworthy in view of the known actions 
of 11-17-oxycorticosteroids upon carbohydrate metabolism. By facilitating 
gluconeogenesis from protein and by inhibiting tissue carbohydrate utiliza- 
tion, this type of adrenocortical hormone tends to counteract the tendency 
to hypoglycemia inherent in subjects undergoing prolonged fasting (22). 
Apparently the body is able to prevent fasting hypoglycemia without aug- 
menting corticosteroid output to a major extent. 

The rise in mean corticosteroid values observed in patients suffering the 
stress of miscellaneous afebrile illnesses and burns is in keeping with the 
alarm reaction thesis of Selye (9) and with the reports of other workers (4, 
14, 23, 24). Quantitatively speaking, it is of considerable interest to note 
that the mean value found for burn and surgical patients corresponds 
closely to that recorded for patients with active Cushing’s syndrome due 
to bilateral adrenocortical hyperplasia, 
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This finding indicates that there is not necessarily any absolute differ- 
ence between the adrenocortical activity of endocrinologically normal per- 
sons on the one hand and patients with pathologic hyperadrenocorticism 
on the other. It would, therefore, appear that the basic difference between 
physiologic and pathologic hyperadrenocorticism resides in relations be- 
tween rates of adrenocortical hormone production and the physiologic 
needs of the body for these hormones, rather than in differences in degree 
of adrenocortical activity. In physiologic hyperadrenocorticism, hormone 
production is in approximate accordance with the body’s requirements. 
Pathologic hyperproduction of corticosteroids leads to the changes seen in 
Cushing’s syndrome, whether spontaneous or as a result of ACTH treat- 
ment. By contrast, physiologic hyperadrenocorticism ordinarily fails to 
induce these changes even when it persists, as in certain burn patients in - 
whom hypercorticosteroiduria lasts for as long as fifty to sixty days (1). 
d) Remarks on miscellaneous other observations. Figure 3 contains 
limited observations on patients with renal insufficiency, simple acne, treated 
thyrotoxicosis, cirrhosis of the liver, emotionalstress, Klinefelter’ssyndrome, 
hypoglycemia due to “hyperinsulinism,’”’ and muscular atrophy, respec- 
tively. In none of these conditions were the values grossly abnormal. 


SUMMARY AND CONCLUSION 


The urinary corticosteroid output of healthy, unstressed individuals ex- 
pressed as milligrams per square meter of body surface per day is shown 
to be essentially the same at all ages (average 0.132, standard deviation 
0.058 mg. per M? per day). Extension of this method of expressing meas- 
urements to patients with various conditions permits easy comparison of 
results obtained on individuals of different sizes suffering from the same 
disease. 

The previously noted tendency of hypoadrenocortical, hypopituitary 
and hypothyroid patients to have a subnormal corticosteroid output has 
been confirmed. In addition, suggestively low mean values were obtained 
for a small group of patients with controlled diabetes mellitus. The mean 
corticosteroid excretion of patients with idiopathic osteoporosis was 
slightly below normal limits, a finding of doubtful significance. 

The mean corticosteroid values of patients with essential hypertension, 
ovarian agenesis, quiescent rheumatic fever, simple nonendocrine hirsut- 
ism, adequately treated hypothyroidism, eunuchoidism, and allergy, re- 
spectively, fell within the normal range. 

Abnormally high mean corticosteroid values were obtained in patients 
with pathologic hyperadrenocorticism due to adrenocortical cancer, as 
evidenced clinically by signs of virilism or of Cushing’s syndrome. Pa- 
tients with bilateral adrenocortical hyperplasia who showed only signs of 
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virilism had a slightly to moderately elevated mean value of about 0.2, 
whereas those who displayed manifestations of Cushing’s syndrome had a 
mean value which was markedly elevated to about 0.7 mg. per M? per day. 
There was, however, considerable overlap between the values found for 
individuals with adrenocortical hyperplasia as compared to adrenocortical 
cancer. Hence it is concluded that measurement of corticosteroids cannot 
per se be relied upon to distinguish between these two forms of adreno- 


cortical pathology. 

Patients with physiologic hyperadrenocorticism occasioned by the stress 
of a variety of conditions including febrile illnesses, operation and burn, 
excreted urinary corticosteroid at rates comparable to those observed in 
patients with pathologic hyperadrenocorticism. 

To date, over 1,400 urinary corticosteroid measurements have been per- 
formed in this laboratory. The data thus obtained support the conclusion 
that this determination may be considered a reasonably reliable index of 
adrenal corticosteroid production. 
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THYROID-THYROTROPIC HORMONE BALANCE IN 
THE BLOOD OF NORMAL AND ENDOCRINO- 
PATHIC INDIVIDUALS*f 
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N VIEW of the well established, fundamental nature of the thyroid- 

pituitary relationship in the mammalian organism (1), it has often been 
suspected that altered thyroid gland function in certain disease states is 
referable to, or may subsequently effect, change in the thyrotropic mecha- 
nism of the anterior hypophysis (2, 3). Although the status of thyroid 
function in the patient has been frequently and reliably measured by the 
collective use of such criteria as the basal metabolic rate, the protein- 
bound iodine (serum-precipitable, “hormonal”’ iodine), and the radio- 
iodine uptake (4, 5, 6), precise evaluation of thyroid-stimulating hormone 
(TSH) activity has presented greater difficulty. Some information regard- 
ing the role of TSH in regulating thyroid function in normal and in endo- 
crine patients has been obtained from studies utilizing exogenous thyro- 
tropin. Basal metabolic rate and blood hormonal iodine levels rise after 
TSH administration (7), as does the rate of radioiodine uptake (8). Exog- 
enous TSH, in conjunction with tracer techniques, also enables differenti- 
ation of primary hypothyroidism from that secondary to anterior pituitary 
failure (6, 9). Accurate measurement of the endogenous thyrotropic hor- 
mone activity in the patient, however, has not been accomplished. In this 
regard, two major factors appear to be responsible: 1) neither the cytologic 
picture nor the TSH content of the human pituitary can be determined 
clinically, and 2) TSH levels in body fluids are so low as to require for their 
detection methods of unusual sensitivity. Despite the latter limitation, 
evidence has accumulated to indicate that endogenous TSH blood levels 
vary unduly in endocrinopathy (10, 11, 12). 
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It is generally recognized that accurate appraisal of the thyroid-pituitary 
axis in health and disease must involve measurement of at least two prime 
variables in the hormonal balance (2, 3). Rarely, however, have both thy- 
roid and TSH levels been determined in the blood of the same individual. 
Recent experiments by D’ Angelo and Gordon (13) have shown that thy- 
roid and thyrotropic hormone activity can be detected simultaneously in 
small samples of untreated serum with the stasis tadpole technique of 
bioassay, and tentative definition of the blood ‘‘thyroid-TSH” balance in 
normal, experimental, and clinical conditions has been given with the 
method (12, 13, 14). The present report is concerned with a clinical study 
in which the blood thyroid-TSH equilibrium has been determined in nor- 
mal individuals and in groups of patients with known or suspected pitui- 
tary or thyroid dysfunction (acromegaly, Simmonds’ disease, hypothy- 
roidism, hyperthyroidism, and ophthalmopathy). The hormonal balance 
in certain patients before and after treatment with desiccated thyroid is 
also presented. 


MATERIAL AND METHODS 


The procedures for the use of the stasis tadpole as a bioassay test object, 
and the validity of the technique for simultaneous detection of thyroid and 
thyrotropic hormones in serum are discussed in detail elsewhere (13, 15, 
16). The method involves induction of thyroid atrophy and metamorphic 
stasis in the tadpole by complete starvation. Intraperitoneal administra- 
tion of either thyroid substance or TSH causes resumption of development; 
in the first instance, by supplying exogenously the thyroid hormone neces- 
sary for metamorphosis, and in the second, by stimulating the tadpole’s 
thyroid to produce the endogenous thyroid hormone in which it is deficient. 
The metamorphic advance occurring after injection of different sera has 
been shown to represent additive effects of varying amounts of thyroid 
and thyrotropic hormone activity in the sample. The relative contribution 
of each component can be ascertained by precise measurement of the ac- 
tivity of either one of them. This has been done by previously establishing 
the thyroid response (cell-height increase) and consequent hindlimb ex- 
tension following graded doses of purified TSH. The degree of thyroid 
stimulation obtained with the unknown sample is referred to the standard 
nomogram and the proportion of total hindlimb extension due to TSH 
alone in the blood sample can be calculated. Accordingly, the relative ac- 
tivities of both hormones in the blood become known, and thus the 
“thyroid-TSH” balance can be defined. 

The blood donors in these experiments consisted of a series of presum- 
ably healthy individuals engaged in the laboratory, with no evident 
endocrine disease, and groups of patients in whom the clinical diagnosis 
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was either thyroid or pituitary gland derangement or possibly allied endo- 
crinopathy. The majority of these individuals had been untreated for at 
least several months prior to blood withdrawal. In some, the difficulty had 
been one of long standing and was complicated by other disorders. A few 
patients were studied before and after treatment with desiccated thyroid. 
Basal metabolic rates were determined routinely, with blood cholesterol, 
protein-bound iodine, and radioiodine tracer uptake measured in selected 
cases. Sera were always frozen promptly, stored, and allowed to thaw only 
at the time of injection. Groups of sera were generally tested in parallel 
bioassay experiments (aliquots of the same sample yield essentially similar 
results despite varying periods of refrigeration). A control group of tad- 
poles was always tested along with the experimental groups, and at least 
5 such control studies were made during the period of this investigation 
(two years). 


RESULTS 


Figure 1 depicts the progressive increase in thyroid cell height and the 
concomitant hindlimb extension in test animals following the administra- 
tion of graded doses of a standard preparation of TSH (International 
Gland Preparation of desiccated Ox Anterior Pituitary). Application of 
the data obtained with normal sera (‘Table 1) to this standard nomogram 
reveals that TSH activity was detected in the majority, but not in all, of 
the cases tested. A total of 0.35 ml. of the raw serum given over seven in- 
jections, on alternate days, significantly raised the mean thyroid cell height 
(all cases combined) from 4.9 micra (control stasis value) to 5.6 micra. 
With these values it may be calculated from the standard noemogram that 
the mean TSH concentration detected, for all cases collectively, was 
equivalent to approximately 7.5 micrograms of standard per ml. of serum 
(0.0005 Junkmann-Schoeller unit; range, 0—0.001). It is apparent also 
(Fig. 1 and Table 1) that the mean hindlimb extension (4.7 mm.) in test 
animals was much greater than could be accounted for by the titers of 
TSH present (a hindlimb increase corresponding to a thyroid cell height 
of 5.6 micra would not exceed 1 mm.). Accordingly, analysis of these find- 
ings renders it likely that the metamorphosing activity of normal human 
serum reflects a thyroid-TSH balance in which the thyroid hormone com- 
ponent quantitatively exerts the dominant role. 

Although the number of cases with known pituitary involvement is 
small (Table 2, Fig. 2) the results obtained with these sera are consistent. 
In the 3 cases of acromegaly the mean serum concentration of TSH was 
elevated approximately eightfold over the normal value. Hindlimb exten- 
sion with these sera was also increased (in Case 2, 0.20 ml. of serum was 
sufficient to cause forelimb extrusion). Since the elevations in TSH titer 
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Fig. 1. Log dose-response curves indicating the increase in thyroid cell height (solid 
line—Y = 1.54X 4.88), and extension of hindlimb (broken line—Y =2.26X0.12) in the 
stasis tadpole with increasing doses of TSH (standard preparation of desiccated ox 
pituitary). Cell height at each point based on counts in 6-9 animals. 

Horizontal bars on ordinate represent values in control animals. Equations for the 
lines were calculated by the method of least squares. 


here were of sufficient magnitude to contribute appreciably to hindlimb 
development, it is likely that the increased hindlimb extension over that 
with normal serum represented augmented TSH rather than thyroid hor- 
mone activity (although some increase in the latter must have occurred in 
Case 2). It is evident, therefore, that in these acromegalics the thyroid- 
TSH equilibrium in the circulating blood was shifted from the normal in 
such fashion that thyroid hormone levels remained within or close to nor- 
mal limits while TSH titers were markedly elevated. The blood thyroid- 
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TABLE 1. THyro1p-TSH BALANCE IN NORMAL SERUM 
AS TESTED IN THE STASIS TADPOLE 


Effect of serum in test tadpoles* , 
Estimated TSH 


Donor-Sex-Age 


Hindlimb in- || Thyroid cell | 38U/ml. 
crease (mm.)**| height (u)*** serum 


5.4+0. 
.O+0. 
.8+0. 
-6+0. 
.O+0. 
.1+0. 
-9+0. 
.7+0. 
6+0. 
7+0. 


Pooled 10¢ 22-35 
Pooled 20-40 
Pooled 30°39 30-40 
8.D. 39 
K.P. 2 54 
KP. f 54 
E.H. 9 24 
E.D. ? 37 
A.G. 9 24 
A.G. 24 
M.K. 9? 24 
M.K. ? 24 


0.0010 
0.0008 
0.0006 
0.0010 


He He OH OH 


0.0009 
0.0007 
0.0006 
0.0007 


Combined Mean and S.E, (0.-0.001 Jsv) 


Range 


Saline control# 
Saline control 
Saline control 
Distilled water 
Hypx. rat serum§ 


Combined mean and S.E. 
Range 


* From 10 to 15 tadpoles were used in each group; each animal received a total of 7 
injections (0.05 ce. of serum or saline given on alternate days). 

** Mean hindlimb increase (mm. +standard error) over initial hindlimb length (simi- 
lar in all test groups; 3.3 to 3.8 mm.). 

*** Mean thyroid cell height in micra+standard error. Based on counts made in 
6 to 8 animals. 

+ Range of TSH concentration estimated from mean thyroid cell height by extrapola- 
tion on standard TSH curve (Fig. 1). Thyroid cell heights of 5.64 or above are highly 
significant statistically; values below this have not been extrapolated, despite some 
measure of significance. 

t Cases 5b; 8b; and 9b represent repeat experiments on the same individuals, with 
blood drawn approximately two months after the initial test. 

# Control stasis values ascertained at five separate times during the course of this 
investigation. 

§ Hypophysectomized females (150-170 Gm.) three to four weeks after operation, 
with target organs atrophic. 
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2 
3 
4 
5a 
5b 4 
6 
7 
8a 
8b 
9a 
(3.0-6.2)  (5.1-6.0) 
0.540.2 4.8+0.2 | 

0.1+0.1 4.5+0.1 
0.4+0.1 5.140.1 

0.3+0.1 5.2+0.1 

0.1+0.1 | 

0.340.1 4.90.1 | 

(0.1-0.5) (4.5-5.2) 


TABLE 2. THyroip-TSH BALANCE IN SERA OF PATIENTS 


WITH PITUITARY DYSFUNCTION 


| | Effect of serum on test animal Esti- 
| No. in- mated 
Case-Donor | Piaiiteaiae BMR, jections Mean Mean TSH 
Sex-Age | % (total hindlimb thyroid cone., 
vol., ec.) increase | Body cell gsu/ml. 
| (mm.) height (u) serum 
1 A.Z. | Acromegaly, untreated | - 6 5(0.25) 6.8+0.6 6.2+0.2 0.003 
2 8.8. | Acromegaly, untreated; - 8 4(0.20) 5.3+0.3 | Forelimb*|) 6.4+0.1 0.004 
bitemporal hemianopsia (70%) 
3 M.P. | Acromegaly, untreated +23 7(0.35) 7.1+0.3 | 6.8+0.2 0.005 
9-57 | 
1 S.D. | Simmonds’ disease | —33 7(0.35) 0.2+0.1 5.3+0.1 
9-32 
Simmonds’ disease | t 7(0.35) 0.1+0.1 5.3+0.1 
9-47 | 
2bt ES. Simmonds’ disease | -23 | 70.35) | 0.2+0.1 | 5.3+0.1 
9-47 | | | 


* Seventy per cent of test tadpoles extruded forelimbs after 4 injections of serum. (Such bodily changes as forelimb 
extrusion or tail resorption indicate marked metamorphic stimulation.) 


+ Not taken. 
t Repeat experiment—serum drawn four months later. 


3 

| 


Fig. 2. A comparison of the metamorphic and thyroid-stimulating capacity of sera 
from normal and endocrine patients. 

On the abscissa are represented the individual cases comprising the normal series 
(Table 1), and clinical groups of patients (Tables 2, 3, 4, 5) whose sera were tested in 
the stasis tadpole. 

The height of the open bar indicates the mean thyroid cell height in the test animal 
group (TSH is considered detected with a cell height of 5.6u—horizontal line—or 
above). The height of the darkened bar refers to the degree of hindlimb increase with 
the same sample of serum. That proportion of the total increase due to the thyroidal 
effect alone can be approximated by subtracting the hindlimb extension corresponding 
to the thyroid cell height as shown in the nomogram in Figure 1 (cell heights of 5.6u- 
6.8u are equivalent to hindlimb increases of 1 and 3 mm., respectively). 
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TSH balance in subjects with Simmonds’ disease was also found to differ 
from the normal; however, values for both thyroid cell height and hind- 
limb development (Table 2, Fig. 2) were significantly decreased and ap- 
proached stasis control values. Thus, the results in Simmonds’ disease are 
in direct contrast to those found in acromegaly inasmuch as neither thyroid 
nor thyrotropic hormone could be detected in the blood. 


TABLE 3. THyroip-TSH BALANCE IN SERA OF HYPOTHYROID INDIVIDUALS 


Effect of sera on 
test animal 
Estimated 
Case-Donor-Sex-Age Clinical BMR, Mean Mean TSH cone, 
status® 7% increase thyroid gsu/ml. 
(mm.) pai serum 
height (u) 
1 M.C. ¢@ 50) Hypothyroidism —31 | 1.5+0.1 | 5.8+0.1 0.0008 
2° EC. 9 38 | Myxedema —29 | 2.94+0.2 | 6.8+0.2 0.0050 
(dermatitis) 
3 68 | Hypothyroidism —23 | 1.840.3 | 5.74+0.2 0.0007 
4+ E.W. @ 42 Hypothyroidism —23 | 4.4+0.1 | 6.54+0.2 0.0040 
5 F.N. 9 54 | Hypothyroidism —28 | 0.8+0.1f| 5.9+0.1 0.0020 
(Riedel’s struma) 
6 SP: 11 Cretinismt | 5.54021 
7 41°) Hypothyroidism —27  0.2+0.1 | 5.4+0.1 
8 C.H. 62 | Hypothyroidism | —46 | 0.140.1 5.3+40.2 
9 D.T 9 29) Hypothyroidism | —22 | 0.8+0.1 | 5.3+0.1 
10 R.C 9 35 Hypothyroidism | —36 | 0.140.1  5.3+0.1 
Combined mean and S.E. 1.2+0.1 §.8+0.1 
Range (0.1-4.4) (5.8-6.8)  (0-0.095 Isv) 


* Untreated for at least several months prior to time of blood withdrawal. 

+ Animals of this group received only 4 injections (total vol. 0.20 ce.) of serum; ani- 
mals of all other groups received the usual 7 injections (0.35 ce.). 

t BMR could not be determined; bone age, 2 years. 


The effects of sera from hypothyroid patients (Table 3, Fig. 2) were 
consistently characterized by insignificant or relatively slight increases in 
hindlimb extension. The over-all decreased metamorphic response with 
these sera appeared to reflect primarily lowered thyroid hormone levels. 
In those instances in which hindlimb development was appreciable (Cases 
2 and 4) the response could be accounted for largely by the increased titers 
of TSH found. Although the mean TSH level for all patients was not ap- 
preciably in excess of normal, TSH titers varied widely from patient to 
patient. Mean TSH concentrations were found to be either in the normal 
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range (Cases | and 3), excessively high (Cases 2, 4 and 5), or undetectable 
(Cases 6, 7, 8, 9 and 10). It is noteworthy that in this latter group the re- 
sults were essentially similar to those found in Simmonds’ disease, since 
neither thyroid nor thyrotropic hormone activity was demonstrable in the 
blood. 

It is apparent from these data that in hypothyroidism the circulating 
blood is uniformly low in thyroid hormone content despite widely varying 
TSH titers. 

The results obtained in the hyperthyroid patients (Table 4, Fig. 2) 
showed clearly that the metamorphosing activity of their sera was uni- 
formly high. Hindlimb extension was markedly increased over that ob- 
tained with normal blood, and in most cases the metamorphic stimulus 
was so intense that advanced developmental changes (forelimb emergence) 


TABLE 4. SERUM THYROID-TSH ACTIVITIES IN HYPERTHYROIDISM 


| Effect of serum on test animal 
No. in- TSH 
Case-Donor Clinical status* | BMR, jections Mean Mean Paine 
Sex-Age % (total hindlimb thyroid 
vol., ec.) increase Body cell — 
(mm.) height (x) 
1 H.M. Thyrotoxicosis +42 5(0.25) 6.5+0.4 F.L.t 5.4+0.2 
(50%) 
ik Thyrotoxicosis +55 4(0.20) 5.8+0.3 F.L. 5.9+0.1 0.0020 
(80%) 
3 J.Q. Hyperthyroidism +40 7(0.35) 7.1+0.3 F.L. 5.7+0.1 0.0007 
#30 (diffuse type) (20%) 
4 LR. Hyperthyroidism +84 7(0.35) 8.5+0.3 F.L. 5.9+0.1 0.0009 
930 (50%) 
& JO. Thyrotoxicosis +50 7(0.35) 8.340.2 F.L. 6.0+0.1 0.0010 
(50%) 
6 O.A. Hyperthyroidism +59 7(0.35) 9.0+0.4 F.L. 6.0+0.1 0.0010 
53 (diffuse type) (25%) 
7 LH. Thyrotoxicosis +53 6(0.30) 6.4+0.4 F.L. 5.6+0.1 0.0006 
924 (20%) 
8 E.R. Thyrotoxicosis +46 7(0.35) 7.840.5 §.3+0.2 
924 
9 M.A. Thyroid cancer +30 7(0.35) 5.8+0.3 §.740.1 0.0007 
950 
10 J.C. Hyperophthalmic +39 7(0.35) 6.8+0.7 F.L. §.340.2 
938 Graves’ dis. (50%) 
Combined Mean and S.E. 7.240.4 §.7+0.1 
Range (5.8-9.0) (5.3-6.0) (0-0.002 


* Untreated for at least several months prior to time of blood withdrawal. 
+ Percentage of tadpoles extruding forelimbs. 
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TABLE 5. SERUM THYROID-TSH BALANCE IN OPHTHALMOPATHY 


Effect of serum on 
test animal 


Case- Estimated 
Donor Clinical status* | BMR, % Mean TSH conc., 
Sex-Age hindlimb Mean sjsu/ml. serum 
increase thyroid 
(mm.) cell (u) 
1 C.P. | Exophthalmos +2 5.640.3 | 5.2+0.1 
268 | (malignant) 
2 E.A. | Exophthalmos —2 3.7+0.5 5.4+0.1 
939 
3 B.A. | Exophthalmos —3 4.5+0.4 6.4+0.2 0.0030 
947 | (ophthalmoplegia) 
4 D.S. | Exophthalmos +21 5.4+0.5 5.8+0.1 0.0008 
#30 
5 E.G. | Exophthalmos -15 4.3+0.3 5.4+0.1 
944 
6 E.T. | Exophthalmost +39 8.6+0.3 5.9+0.1 0.0009 
269 
7 A.W.| Exophthalmos —20 4.140.2 | 6.640.2 | 0.0050 
246 
8 M.S. Exophthalmos —2 5.8+0.3 5.5+0.1 


944 | (ophthalmoplegia) 


Combined Mean and S.E. 


5. 5.8+0. 
Range (3. ) (5.2-6.6)  (0—0.005 ssv) 


* All patients essentially untreated; in Case 8, however, the patient was receiving 
small inadequate doses of thyroid at the time of blood withdrawal. 
t Thyrotoxic symptoms present, as well as ophthalmopathy. 


occurred before the usual-quota of injections was given. It was possible to 
predict the potential effects of these sera with as few as two injections 
(0.1 ml.) inasmuch as hindlimb increase was already evident at this time, 
contrasting sharply with the minimal or insignificant changes occurring in 
parallel experiments utilizing samples from the hypothyroid or Simmonds’ 
disease series. These developmental effects were largely the result of thy- 
roid hormone rather than TSH activity in the sera. Examination of the 
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thyroid cell heights indicates that in the majority of cases tested, TSH 
levels were detectable and existed in concentrations within the normal 
range. The general results, therefore, best describe for hyperthyroidism a 
thyroid-TSH balance in which an abnormally high thyroid hormone com- 
ponent co-exists with essentially normal titers of TSH. 

Although in 2 patients with ophthalmopathy (Cases 3 and 7) the TSH 
activity of sera was found to be markedly elevated, the general results in 
this series (Table 5, Fig. 2) approximated those obtained with normal 
blood. Comparison of thyroid cell height and hindlimb extension data with 
those in the other series indicated that values for hindlimb increase repre- 


TABLE 6. THyro1p-TSH BALANCE IN SERUM OF PATIENTS BEFORE AND AFTER 
TREATMENT WITH DESICCATED THYROID 


Effect of serum on test animal Esti- 
mated 
BMR Mean Mean TSH 
Case Diagnosis Treatment % hindlimb iets thyroid Pr 
y 
increase cell gsu/ml. 
(mm.) height (x) serum 
1 Exophthalmos Before: +2 5.6+0.3 §.2+0.1 
(malig.) 
After: 4 gr. daily; 
6 months: -—2 6.8+0.7+¢ | Tail re- 6.5+0.2 0.0050 
sorption 
| (100%) 
3 | Exophthalmos Before —3 | 4,540.4 6.4+0.2 | 0.0030 
| | 
After: 1-3 gr. daily; | 
6 weeks: +21 | 6.0+0.4 6.7+0.1 0.0040 
1 | Hypothyroidism | Before: —31 | 1.540.1 | | 5.8+0.1 | 0.0008 
| | 
After: 1 gr. daily; 
3 months: +6 1.8+0.1 6.1+0.2 0.0010 
4 months: 2.840.2 | | 6.3+0.1 0.0020 
2 | Hypothyroidism | Before: -~299 | 2.9+0.2 | | 6.8+0.2 | 0.0050 
| 
| After: 1-24 gr. daily; | 
| 6 months: +11 | 7.0+0.3¢ | Forelimb| 6.2+0.1 | 0.0030 
| 
3 Hypothyroidism Before: | —23 1.3+0.3 £0. 0.0007 
After: 1 gr. daily; | | 
6 weeks: | 2.3+0.1 | 5.5+0.1 0.0005 
-2.640.2 | | 5.64+0.1 | 0.0006 
10 | Hypothyroidism | Before: | | 0.140.1 | | 5.3+0.1 
| | 
| 
| | 
| After: lgr.daily; | 
2 months: j 


* All patients clinically improved after treatment. 
t,t The effects after 4 and 5 injections of serum, respectively. In all other instances, 7 injections totalling 0.35 ce. 


were given. 
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sented, as in the normal series, preponderantly high thyroid hormore 
rather than TSH activity. The thyroid-TSH relationship, however, ap 
pears to have been altered in Cases 3 and 7. The TSH values here were 
sufficiently high to expect greater hindlimb development than was present 
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Fig. 3. Blood concentrations of TSH in patients before and after treatment with 
desiccated thyroid. 

The dark and light bars refer, respectively, to the TSH concentration (Jsu/ml. 
serum) in the blood of the patient before and after treatment indicated in Table 6. 


and it is likely that the heightened TSH titers were accompanied by re- 
duced thyroid hormone levels. These changes could not be correlated with 
severity of symptoms; marked exophthalmos with ophthalmoplegia existed 
with essentially normal thyroid-TSH balance in the blood in Case 8. 
The responses obtained with sera from patients before and after treat- 
ment with desiccated thyroid gland were summarized and contrasted 
(Table 6, Fig. 3). It is seen that in both cases of ophthalmopathy clinical 
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improvement occurred in the presence of abnormally high titers of TSH 
in the blood. In Case 1, thyroid administration resulted in marked eleva- 
tion of the TSH concentration from a previously undetectable level, where- 
as in Case 3 the initially high TSH level was maintained. A similar situa- 
tion was found in 2 of the 4 hypothyroid subjects. In Cases 1 and 2 of this 
series clinical improvement, following thyroid ingestion, co-existed with 
blood levels of TSH definitely above normal. In the remaining subjects 
(Cases 3 and 10), however, clinical improvement was effected without sig- 
nificant change in the blood thyrotropic activity, which remained rela- 
tively low. 

Among patients in the same clinical category, differences in the pe- 
ripheral response to desiccated thyroid gland are also revealed (Table 6). 
In Case 1 (exophthalmos), considerable amounts of exogenous thyroid hor- 
mone must have accumulated in the blood as indicated by the fact that 
injection of only 0.25 ml. of serum was sufficient to transform all test ani- 
mals to practically the frog stage; nevertheless, the basal metabolic rate 
of the patient was unchanged. In Case 3 (exophthalmos) the basal meta- 
bolic rate was significantly elevated after treatment, but blood thyroid 
hormone levels were not appreciably augmented. In both instances, TSH 
levels were elevated equally. Two patients (Cases 1 and 2) of the hypothy- 
roid series showed approximately equal and appreciable increases in the 
BMR with thyroid treatment; however, the blood thyroid hormone level 
in the former remained below normal, whereas in the latter it became ex- 
cessively high (as indicated by forelimb extrusion in the test animals). The 
blood TSH level was increased in both instances. 

Although the number of cases in this series is small, the results indicate 
that ophthalmopathy and hypothyroidism can exist in individuals with 
either high or low TSH levels in blood; moreover, amelioration of clinical 
symptoms with desiccated thyroid gland can occur without restoration of a 
normal thyroid-thyrotropic hormone balance in the circulating blood. 


DISCUSSION 


The supposition that the thyroid and pituitary are reciprocally related 
has led many investigators to attempt detection and definition of TSH 
levels in the body fluids of thyroid patients. The results, however, have 
been largely negative or inconclusive (1, 17, 18) and little or no indication 
of the physiologic or pathologic role of the hypophysis in thyroid disease 
has been provided by this approach. It is now apparent that the numerous 
discrepant reports regarding the presence or absence of TSH in blood and 
urine stemmed from methods too crude to detect the low titers of hormone 
present in the body fluids. The present study demonstrates that endoge- 
nous TSH can be detected in untreated serum of normal individuals de- 
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spite its low concentration (range, 0-0.001 ssu/ml. serum). Although 
DeRobertis (10) finds it necessary to remove the thyroid hormone fraction 
before TSH activity becomes manifest, it is noteworthy that the values 
reported for TSH in normal blood (3 cases) fall, after proper correction,' 
within this range. Present estimations of the blood TSH, nevertheless, 
must be considered tentative; full definition of the range of concentration 
awaits numerous tests in different age and sex groups. 

Although the number of patients with diagnosed pituitary dysfunction 
was small, the consistency of the results in this study lend credence to the 
frequently suggested probability that hyperpituitarism and hypopitui- 
tarism are associated, respectively, with increased and decreased produc- 
tion of TSH. In both acromegaly and Simmonds’ disease the deviation 
from normal in the blood thyroid-TSH balance was appreciable and in 
opposite directions. The findings in Simmonds’ disease are readily under- 
standable; as a result of pituitary destruction, there is no TSH production 
and thyroid hormone secretion consequently fails. The presence, in acro- 
megaly, of high blood titers of TSH with apparently absent “‘target’’ re- 
sponse of the thyroid is unexpected and difficult to explain. Previous re- 
ports on TSH levels in body fluids of acromegalics have been contradictory 
(11, 19, 20, 21), as have been those on blood iodine (22, 23). The demon- 
stration of normal thyroid hormone concentrations, in the present study, 
- isin accord with results of recent investigations (24, 25, 26) which indicate 
that the radioiodine uptake of the thyroid in acromegaly is within normal 
limits. The significance of the elevated TSH titers is not clear. The clinical 
manifestations of acromegaly are best explained as resulting from excessive 
growth hormone secretion from the pituitary. It is probable that the high 
TSH levels represent augmented release of this hormone from the deranged 
pituitary. Whether or not both pituitary principles can exist simultane- 
ously at high levels in the blood is not known. Acromegaly is characterized 
by periods of presumably increased hormonal activity alternating with in- 
active periods. The patients of this study, at the time of examination, were 
in the inactive phase; all had a normal basal metabolic rate, and none had 
goiter. A clearer understanding of the hormonic balance in acromegaly 
awaits bioassays of the thyrotropic and growth principles in both phases 
of the disease. 

There are many experimental observations which support the concept 
that the interrelated activities of the thyroid and the anterior hypophysis 
are delicately balanced by the blood levels of their hormones. It is amply 


' An unfortunate error exists in this report as regards extrapolation of the cytologic 
coefficients of normal bloods from the standard curve. Extrapolated values are less than 
those indicated; moreover, they represent the TSH activity in 2 ml. rather than in 1 ml. 
of whole blood. 
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clear that in the present study the thyroid-TSH levels in the blood of 
hyperthyroid or hypothyroid patients did not conform to those expected 
if reciprocal regulatory control were operative at the time of blood with- 
drawal. Despite the consistently low levels of blood thyroid hormone, only 
2 of the 10 hypothyroid individuals tested showed TSH titers which couid 
be regarded as excessively high. In hyperthyroid subjects, in whom thyroid 
hormone levels were characteristically high, the TSH concentrations were 
generally in the normal range. It is possible that in those cases of hypothy- 
roidism in which TSH was not detected there may have been a primary 
disturbance of the thyrotropic mechanism in the hypophysis; in this re- 
gard, it may be significant that the thyroid-TSH balance in these indi- 
viduals was indistinguishable from that in patients with Simmonds’ dis- 
ease. A study of the hormonic balance in the circulating blood of both 
types of patients after exogenous TSH administration is, therefore, indi- 
cated. 

There are many reports in the literature to the effect that hyperthyroid 
individuals have little or no TSH in the blood or urine. Since the methods 
employed have generally been too insensitive to demonstrate TSH in nor- 
mal body fluids, it is likely that TSH titers in the blood of hyperthyroid 
patients may frequently have gone undetected. The presumably normal 
amount of circulating thyrotropin in thyrotoxicosis, as demonstrated in 
this study, indicates that the hyperplasia and excessive activity of the 
thyroid gland in such patients cannot be due to abnormal TSH concentra- 
tions in the blood stream. It has been postulated from in vivo and in vitro 
studies (27, 28, 29), and subsequently questioned (30), that in toxic goiter 
the pituitary produces excess TSH but that this is quickly inactivated by 
the hyperplastic thyroid tissue. Whether the sensitivity of the target gland 
to normal amounts of circulating TSH is appreciably changed in hyper- 
thyroidism remains to be tested. 

Recently Dobyns (31) has critically evaluated the anatomic, pathologic, 
and clinical data bearing on the problem of exophthalmos. There is much 
to implicate the pituitary in the pathogenesis of this disease. The connec- 
tive tissue reactions in the retrobulbar tissue of the patient are similar to 
those occurring in animals rendered exophthalmic with pituitary prepara- 
tions, presumably TSH. Increased prominence of the eyes follows thy- 
roidectomy or administration of thiouracil, and regression occurs with 
desiccated thyroid—procedures which in themselves are considered to in- 
duce high and low titers of TSH, respectively. Roentgen irradiation or 
electrocauterization of the pituitary improves the ophthalmopathy. The 
present study demonstrates, however, that the syndrome can exist with- 
out apparent relation to the levels of TSH in the blood inasmuch as oph- 
thalmopathy was present with thyrotropic hormone either absent, normal, 
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or excessively high, in the blood. It appears significant, moreover, that in 
2 patients the ocular signs subsided after thyroid administration, even 
though the blood TSH values remained high, or subsequently achieved 
high levels. It should also be mentioned that no ocular changes were noted 
in other cases of this study in which TSH levels were high (acromegaly, 
hypothyroidism). Our findings thus support the earlier contention by 
Purves and Griesbach (30) that a causal role of TSH in the production of 
malignant exophthalmos is unlikely. 

It seems particularly interesting that in 4 of the 6 patients treated with 
thyroid substance the blood TSH either rose to high levels from previous 
low ones or maintained its initially high concentrations. It is evident that 
with doses of thyroid sufficient to improve clinical status the effect on the 
thyrotropic mechanism of the pituitary need not be depressant and may 
be excitatory. In an earlier study, Starr, Rawson and their colleagues (32) 
noted that the pituitary failed to release TSH in profound myxedema but 
did so when small amounts of exogenous thyroid were supplied. Clinical 
improvement with amounts of thyroid which are not capable of suppressing 
excessive TSH values may perhaps be analogous to the clinical improve- 
ment in cases of menopausal syndrome treated with estrogens in doses too 
small to decrease high FSH excretion. Similarly, the augmentation of TSH 
secretion by thyroid medication may be comparable to the rise of gonado- 
- tropin titers occasionally observed in women treated with small doses of 
estrogen (33). The fact that TSH secretion can occur at high levels in pa- 
tients clinically normalized by thyroid medication makes it worthwhile to 
determine whether the augmented TSH secretion can be long maintained 
and whether other functions of the anterior hypophysis are eventually im- 
paired. 


SUMMARY AND CONCLUSIONS 


The status of anterior pituitary-thyroid gland interplay in normal sub- 
jects and endocrine patients has been investigated by determining the 
levels of thyroid and thyrotropic hormone activities in untreated serum 
and correlating these with the clinical state. 

The metamorphosing capacity of normal sera in test tadpoles was found 
to reflect a thyroid-TSH equilibrium in which TSH activity was of a low 
order of magnitude (range, -0—0.001 ssu/ml. serum), with thyroid hormone 
activity relatively high. In acromegaly (3 cases), blood titers of TSH were 
significantly increased (approximately eightfold), whereas thyroid hor- 
mone levels remained near normal limits. Neither thyroid nor TSH was 
demonstrable in the blood of patients with Simmonds’ disease (3 cases). 
In hypothyroidism (10 cases) thyroid hormone activity in the blood was 
uniformly low but TSH titers varied widely (0—0.005-ssu/ml. serum). Con- 
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versely, in hyperthyroidism (10 cases) excessively high thyroid hormone 
levels in the blood usually co-existed with a normal TSH content. The 
thyroid-TSH balance in ophthalmopathy was essentially normal, although 
elevated TSH levels did occur (2 cases). Clinical improvement in exoph- 
thalmic and hypothyroid individuals could be effected (with desiccated 
thyroid) in the presence of abnormally high TSH concentrations in the 


serum. 

The results indicate that the thyroid-TSH balance in the circulating 
blood is frequently altered in patients with thyroid or pituitary malfunc- 
tion, and that amelioration of clinical symptoms can occur without restora- 
tion of the normal hormonic balance. 
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PROTEIN-BOUND IODINE IN SERUM OF RATS 
RECEIVING IODIDE OR IODINE WITH 
OR WITHOUT GOITROGEN*f 


T. 8S. DANOWSKI, M.D., SUZANNE J. HUFF, M.A., PATRICIA M. 
WIRTH, M.S., G. C. HILL, B.S., MARY H. GREEN, M.D. 
AND G. H. FETTERMAN, M.D. 
From the Departments of Research Medicine and Pathology, the Children’s Hospital, 
and the Renziehausen Foundation, University of Pittsburgh School of Medicine, 
Pittsburgh, Pa. 


VOSKIN’S studies with elemental iodine (1, 2, 3) clearly established 
that injections of this form of the halogen were as effective as thy- 
roxine or desiccated thyroid in cancelling the inhibition of growth which 
followed thyroidectomy or goitrogen therapy in immature rats. Subse- 
quently Barker showed that administration of elemental iodine by the 
subcutaneous route produced marked elevations of the protein-bound or 
precipitable iodine in the plasma of rats and in the tissues at the sites of 
injection (4, 5). In the experiments reported by Dvoskin, parenteral or oral 
inorganic iodide proved tobe essentially inert in restoring or maintaining 
normal growth rates in hypothyroid or athyroid rats. These findings are 
of particular interest, since Chaikoff had observed (6) that in rats fed 
inorganic iodide the protein-bound iodine of serum also rose, though these 
rises were of lesser magnitudes than those described in Barker’s work. Our 
own studies in this field (7-10), conducted in humans, indicated that oral 
feeding of potassium iodide in massive or even in ordinary therapeutic 
amounts raises the nonthyroxine fraction of the protein-bound iodine 
without producing hypermetabolism. 
In view of the above facts we have undertaken this series of studies in 
rats to see whether or not goitrogenic agents influence the protein-bound 
iodine changes observed after inorganic iodide or elemental iodine therapy. 


MATERIALS AND METHODS; EXPERIMENTAL PROCEDURE 


Potassium iodide, by mouth or by injection, or elemental iodine by in- 


Received for publication July 19, 1951. 
* Read at the Annual Meeting of the American Goiter Association, Columbus, Ohio, 
May 24, 1951. 

This article will be included in the bound volume of the ‘“‘Transactions of the Ameri- 
can Goiter Association’ published by Charles C Thomas, Publisher, which will be 
available for sale early in 1952. 
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TABLE 1. SERUM PROTEIN-BOUND IODINE IN FEMALE WISTAR RATS TREATED WITH 
GOITROGEN OR POTASSIUM IODIDE, ALONE OR IN COMBINATION 


Protein- 
No. of rats a body bound 
weight (grame) iodine 
Experiment Therapy at finish Comment 
Fin- 
Start ish Start | Finish Geen 
+8.D.) 
I a) 10 9 | None 111.7 | 152.6 | 2.2+40.6 | Rise in PBI induced by KI 
23 days; b) 10 9 | Propylthiouracil 0.2% 115.1 | 109.4 1.1+40.9 | was partially cancelled by 
KI subcut. ce) 10 5 | KI-—2 ml. of 0.5 Gm.%/day | 113.5 | 142.7 8.1+3.1 | goitrogen. 
d) 10 6 | KI+propylthiouracil, as in | 114.7 | 137.2 3.7+2.8 
b) and c) 
I a) % 4 | None 137.0 | 188.7 | 2.6+0.7 | Rise in PBI following in- 
74 days; b) 10 9 | Propylthiouracil 0.2% 138.1 | 127.6 0.3+0.4 | organic iodide not affected 
KI subcut. c) 10 6 | KI-—2 ml. of 0.5 Gm.%/day | 133.9 | 180.5 | 5.6+2.2 | by propylthiouracil. 
d) 10 8 | KI+propylthiouracil, as in | 132.7 | 142.0 4.1+0.4 
b) and c) 
III a) 16 | 15 | None 108.8 | 136.3 6.4+1.9 | No statistically significant 
17 days; b) 16 | 14 | Propylthiouracil 0.5% 99.9 | 108.3 8.6+43.0 | differences present. 
KI subcut. ec) 16 | 15 | KI—2 ml. of 0.9 Gm.%/day | 100.6 | 129.1 8.642.7 
d) 16 | 14 | KI-+propylthiouracil, as in | 102.3 96.3 6.0+4.4 
b) and ec) 
IVt a) 9 5 | None _ 125.8 | 6.9+0.9 | Propylthiouracil without 
23 days; b) 15 7 | Propylthiouracil 0.2% —_ 74.8) 4.2+1.5 | effect on KI-induced rise 
KI subcut. c) 15 | 10 | KI—2 ml. of 0.5 Gm.%/day — | 107.5 | 12.942.1 | in PBI. 
d) 15 6 | KI+propylthiouracil, as in oo 77.3 | 13.94+4.3 
b) and ec) 
vt a) 9 5 | None — 125.8 | 6.9+0.9 | Oral KI raised PBI; effect 
23 days; b) 15 7 | Propylthiouracil 0.2% — 74.8 | 4.2+1.5 | partially cancelled by goi- 
KI by mouth | c) 15 | 12 | KI—10 mg./15 Gm. of food —_ 91.3 | 14.8+6.4 | trogen. 
d) 15 9 | KI+propylthiouracil, as in oa 83.2 7.0+2.3 
b) and c) 
VI a) 20 | 10 | Propylthicuracil 0.2% 98.7 | 112.5 1.3+0.7 | Rise in PBI induced by KI 
29 days; b) 20 | 14 | KI—10 mg./15 Gm. of food | 102.0 | 149.5 | 14.8+4.3 | ingestion totally cancelled 
KI by mouth | c) 20 9 | KI+propylthiouracil, as in | 101.5 | 120.8 1.6+1.9 | by propylthiouracil 
a) and b) 


* Following application of ‘‘t”’ test and determination of ‘‘p’’; value of less than 0.05 for ‘‘p"’ taken to be statistically 


significant. 
+ Control and goitrogen-treated animals common to Experiments IV and V. 


jection has been administered to growing female rats of the Wistar strain, 
approximately four weeks old, during periods of time varying in length 
from seven to seventy-four -days. In the inorganic iodide studies the con- 
trol series consisted of untreated animals; in the elemental iodine experi- 
ments the controls received propylene glycol in the volumes used to dis- 
solve the administered halogen. The effects of propylthiouracil ingestion 
upon the serum protein-bound iodine have been determined in both sets of 
studies. The details of the individual experiments have been incorporated 
into the tables. Barker’s method has been modified (9-11) and employed 
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in measurements of the serum protein-bound or serum precipitable iodine 
(PBI or SPI). 
RESULTS 


A. PBI of rats receiving inorganic iodide by mouth or subcutaneously without 
or with concomitant propylthiouracil ingestion 


The protein-bound iodine increased significantly above control values in 
5 of the 6 experiments in which potassium iodide was administered by in- 
jection or in food (Table 1). The concomitant administration of a goitrogen, 
0.2 per cent of propylthiouracil in food, interfered with or prevented the 
inorganic iodide effect upon protein-bound iodine in both of the oral stud- 
ies (Experiments V and VI) and in 1 of the parenteral iodide studies (Ex- 
periment I). In 2 others propylthiouracil did not cancel the iodide-induced 
rise in circulating protein-bound iodine (Experiments II and IV). Finally, 
it should be pointed out that the results in Experiment III are unlike any 
of the others in that neither goitrogen nor iodide, alone or together, discerni- 
bly influenced the protein-bound iodine values. The experimental pro- 
cedure differed from the rest, however, in that larger amounts of goitrogen 
and of iodide were given for a shorter period of time. In keeping with the 
findings of others, the goitrogen interfered with body growth. 


TABLE 2, SERUM PROTEIN-BOUND IODINE IN FEMALE WISTAR RATS TREATED WITH 
GOITROGEN OR ELEMENTAL IODINE, ALONE OR IN COMBINATION 


No. of rats Mean body | Pre tsin-hound 
Experimen- | Therapy at finish Comment* 
tal Fin- (y% mean 
Start | Finish |  +8.D.) 
I a) 7 5 | Control (propylene glycol) 137.0 | 173.0 10.8+ 3.5 | Goitrogen without ef- 
30 days; b) 8 6 | Propylthiouracil 0.2% 151.8 | 148.5 2.1+ 3.0 fect on rise in PBI in- 
I; subcut.t ec) 8 7 | In, 1.0 ce. of 1.0 Gm.% in | 155.0 | 176.8 | 820.0+ 87.7 | duced by elemental 
propylene glycol iodine. 
d) 8 5 | Propylthiouracil+I:, as in | 151.0 | 154.1 | 883.6+399.0 
b) and ec) 
II a) 16 | 13 | Control (propylene glycol) 107.1 | 146.8 4.0+ 1.2 | Goitrogen augmented 
14 days; b) 16 | 16 | Propylthiouracil 0.5% 98.9 88.7 2.7+ 2.3 | therise in PBI induced 
I, subcut., ce) 16 | 14 | Is, 1.0 ee. of 0.3 Gm.% in | 104.5 | 152.0 | 51.5+ 9.3 | by elemental iodine. 
then 7 days propylene glycol 
resit d) 16 | 11 | I:+propylthiouracil, as in | 102.3 | 100.9 | 111.0+ 36.6 
b) and c) 
III a) 20 | 20 | Control (propylene glycol) 113.2 | 137.1 15.7+ 2.3 | Goitrogen augmented 
7 days; b) 20 | 16 | Propylthiouracil 0.5% 113.8 | 109.4 5.7+ 2.5 | the rise in PBI induced 
I, subcut., ec) 20 | 16 | Ix, 1.0 ec. of 0.8 Gm.% in | 100.1 | 129.3 40.2+ 8.2 | by elemental iodine. 
then 7 days propylene glycol 
restt d) 20 | 17 | I:+propylthiouracil, as in | 118.1 | 105.4 94.2+ 23.5 
b) and c) 


* Following application of ‘‘t’’ test and determination of ‘‘p’’; values of less than 0.05 for ‘‘p’’ taken to represent 


statistically significant differences. 
+ Goitrogen administered throughout the experiment to groups b) and d). 
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B. Changes in PBI of rats injected with elemental iodine 


In each of the 3 experiments in Table 2 injections of elemental iodine 
(1.0 ml. of either 1.0 or 0.3 gram per cent iodine in propylene glycol) re- 
sulted in marked increases in protein-bound iodine. In Experiments II and 
III the simultaneous ingestion of goitrogen incorporated into the diet at a 
level of 0.5 per cent further enhanced the rise of protein-bound iodine noted 
to follow the subcutaneous administration of elemental iodine. In all 3 
experiments the highest gains in body weight were recorded in the elemen- 
tal iodine group, whereas therapy with goitrogen alone either prevented 
growth or actually resulted in a loss of body weight. There is no evidence 
that the combination of elemental iodine and goitrogen cancelled the 
growth-inhibiting effects of the latter. This may well be related in Experi- 
ments II and III to the fact that goitrogen ingestion continued after the 
injections of iodine had been stopped. Experiment I is not comparable to 
those which follow, since its duration and the dosage of iodine and of 
propylthiouracil were not the same. 


DISCUSSION 


The described findings establish that the alterations which occur during 
potassium iodide treatment can be minimized or cancelled by the simul- 
‘taneous administration of a goitrogen, whereas those induced by elemental 
iodine are augmented. Our studies do not identify, however, the site or 
sites at which the protein-bound iodine is produced by these agents. If 
these be in tissues other than the thyroid, as indicated by Barker’s study 
(4), then evidence has been presented of extrathyroidal actions of goitro- 
gens. 

Preliminary observations based upon butanol extraction of serum and 
subsequent separation with sodium hydroxide and sodium carbonate (12- 
14) suggest that only a small portion of the rise in serum protein-bound 
iodine following administration of elemental iodine is attributable to 
changes in the thyroxine fraction (15). This increment is nonetheless of 
sufficient magnitude to provide a biochemical correlate of the biologic and 
histologic work of Dvoskin in which the suppressive effects of thyroidec- 
tomy or goitrogen therapy on growth were successfully overcome by in- 
jection of elemental iodine.’ 


CONCLUSIONS 


1) Inorganic iodide administered orally or parenterally raises the serum 
protein-bound iodine. 

2) There is evidence that concomitant goitrogen therapy can at times 
minimize or cancel such changes. ; 
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3) The rise in protein-bound iodine which follows the subcutaneous ad- 
ministration of elemental iodine can at times be augmented by the simul- 
taneous administration of a goitrogen. 


Addendum 


Since submission of this paper, we have conducted 3 additional experiments with 
elemental iodine and goitrogen. In 2 of the 3 studies, combined therapy with elemental 
iodine and propylthiouracil resulted in significantly greater increases in PBI: 330.8 versus 
215.9 y per cent, and 137.4 versus 76.0 y per cent, respectively. This augmentative 
effect was not observed in the third experiment. 
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ON THE MECHANISM OF IODIDE ACCUMULA- 
TION BY THE THYROID GLAND*f 
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AND CHARLES H. DuTOIT, M.D.f 


From the Thyroid Clinic, Massachusetts General Hospital, and the Department of Medicine, 
Harvard Medical School, Boston, Massachusetts 


UNIQUE property of the thyroid gland is its ability to extract the 

iodide ion from the blood and concentrate it; this property is retained 
by the thiouracilized gland in vivo (1, 2) and thyroid slice in vitro (3). In the 
chronically thiouracilized hypertrophied thyroid an augmentation of this 
accumulating ability occurs. Under these conditions this iodide exists in 
the gland almost entirely in the form of the iodide ion. It is not precipitated 
with proteins, it is dialyzable and ultrafiltrable (1, 2), and it can be oxi- 
dized to iodine by periodate (2, 3). Its potentiometric titration curve is 
that of the iodide ion (1). 

Furthermore, animals given thiouracil and a high iodine diet may main- 
tain a nearly normal thyroid iodine concentration, but this iodine on frac- 
tionation proves to be inorganic (4). In contrast, animals similarly treated 

with thiocyanate and iodine fail to accumulate inorganic iodine (4, 5). 
Also, thiocyanate is able to cause the quantitative discharge of iodide ac- 
cumulated within the thiouracilized gland (1). 

The mechanism of iodide accumulation has not yet been elucidated. It 
is obvious from a glance at the iodide retention curves of thiouracilized 
animals that the thyroid iodide is in rapid equilibrium with the plasma, 
and that the mechanism of iodide accumulation is a readily reversible one 
(6, 7). It has been suggested that iodide is bound in loose association with 
protein (4). Under certain circumstances homogenates prepared from hy- 
perplastic glands contain some precipitable and nondialyzable iodide (8). 

Recent work in the field of physical chemistry has shown that certain 
proteins, notably crystalline serum albumin, can bind small anions with 
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variable degrees of affinity, and thus set up an unequal distribution across 
a semipermeable membrane (9-12). The results to be reported in this paper 
represent attempts to determine whether or not the peculiar affinity of the 
thyroid for trapping circulating iodide is dependent upon such protein 
anion binding. It seemed plausible that the first step in the metabolism of 
iodine by the thyroid might be such a mechanism developed in the thyroid 
cell to a high degree of specificity for iodide. 


EXPERIMENTAL METHODS 


Male Wistar rats averaging 180 grams in weight were fed either a low- 
iodine diet (13) and 0.2 per cent thiouracil in drinking water, or this diet 
containing 0.1 per cent propylthiouracil, for two or more weeks. They were 
then killed with ether, and the thyroids removed and weighed on a Roller- 
Smith balance. Glands were pooled and homogenized in chilled 0.1 M 
potassium phosphate buffer of pH 7.4. A 2-cc. sample of microscopically 
cell-free homogenate, generally containing 30 to 35 mg. of moist tissue per 
ec., was placed in a Visking 8/32 cellophane bag containing a small Pyrex 
bead, and the bag was then placed in a 1.210 em. test tube containing 
12.5 cc. of buffer and known amounts of radioiodide, with or without ad- 
ditional inert sodium iodide. Serum cap seals were applied, and the test 
tubes were inverted inside stoppered 2.4 X20 cm. tubes. These were then 
mounted in a motor driven rack which inverted continuously every eight 
seconds for forty-eight to seventy-two hours at 2°C. The two phases were 
separated after dialysis and iodide concentration was determined by count- 
ing with an end-window Geiger-Miiller counter. It was assumed that 
counting differences were due to protein rather than to lipid binding, since 
bound iodide was not soluble in carbon tetrachloride. Gibbs-Donnon fac- 
tors were ignored, since in rather concentrated electrolyte solutions their 
contribution is negligible. Bound iodide was expressed in net counts per 
minute, or in micrograms per mg. of thyroid protein, or per gram of moist 
thyroid tissue, and normalized to 1 microcurie of radioiodine (Ral) per 
tube. Nonthyroidal tissues were treated in a similar manner. Serum was 
diluted with buffer to protein concentrations approximating those of thy- 
roid homogenates. Protein concentrations were determined by the method 
of Folin and Denis (14). Iodide determinations were performed by a modi- 
fication of the Barker (15) method. 

In most studies the final iodide concentration ranged from 0.5 to 1.0 
microgram per cent, and the radioiodide content from 0.6 to 1.2 micro- 
curies per 14.5 ec. of solution. 

The protein concentrations of thyroid averaged 13.4 per cent of the 
moist weight. The iodine concentrations of this thyroid tissue ranged from 
0.04 to 0.11 microgram per mg. of protein, depending upon the duration 
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of pretreatment. Those of normal thyroid ranged from 5.0 to 8.5 micro- 
grams per mg. of protein. For liver they were 0.000 for iodine-depleted 
rats, and 0.007 microgram per mg. of protein for normal rats. _ 

Other methods used in this study, such as those employed in defining the 
characteristics of binding under various conditions, in determining reversi- 
bility and precipitability of bound iodide, and in identifying the state of 
the bound iodide, are self explanatory in the text. 

The data to be presented refer to studies with hyperplastic iodine-de- 
pleted thyroid tissue except where otherwise specified. 


RESULTS 


Binding: Homogenized thyroid protein consistently bound radioiodide 
across the cellophane membrane. The bound component diminished 
slightly with prolonged dialysis. Most dialyses were continued for forty- 
eight to seventy-two hours. The iodide concentration increment not un- 
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Fig. 1. Effect of serial dilutions of thyroid homogenate and of serum upon their 
capacity to bind iodide, in a concentration of 0.5 microgram of iodide per 100 ce. of 
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commonly reached 200 to 250 per cent. The magnitude of iodide binding 
per gram of moist thyroid or per cc. of serum increased markedly with 
dilution; at high concentrations of protein it was of a large order for thyroid 
compared with that of serum (Fig. 1). Thus, at a protein concentration of 
approximately 12 mg. of homogenate per cc., thyroid binding exceeded 
that of serum by about tenfold, and quite possibly this difference would 
be accentuated at physiologic protein concentrations of thyroid. 
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RELATIVE RADIO-IODIDE BINDING CAPACITIES 
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Fic. 2. The limit of significance of binding is about 600 CPM* per mg. of protein, 
at the homogenate concentrations employed in this study (30 mg. of moist tissue per 
ce.) No correction was made for the slight variation in specific activity arising from dis- 
tribution of radioiodide in varying concentrations of tissue iodide. Any such correction 
would only accentuate the difference between thyroidal and nonthyroidal tissues. 

* Counts per minute. 


Nonthyroidal tissues bound small amounts of radioiodide, but this bind- 
ing was generally of such a low order that the counting differences ap- 
proached the limits of significance of the method (Fig. 2). Studies of non- 
thyroidal tissues included liver, spleen, kidney, muscle, and serum. 

It appears, therefore, that cell-free thyroid protein possesses a unique 
capacity for binding iodide. This capacity seems to be independent of its 
own iodine concentration, for it was found that both homogenized normal 
and hyperplastic thyroid tissues bound iodide quantitatively about equally, 
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TABLE 1. BINDING OF IODIDE BY TISSUES OF VARYING IODINE CONCENTRATION 


Homogenate 
Tissue iodine | Bound iodide, Binding 
Tissue (mg. pro- (uGm./mg. |(10->4Gm./mg.| gradient, 
tein/ce.) protein) protein) per cent 
Thyroid 4.7 0.053 152.7 179 
153.1 180 
Liver 4.8 0.000 8.3 8 
3.7 3 
Liver+ 0.195 4 
diiodotyrosine 3.5 5 


Media iodide =0.5 nGm./100 ce. 
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Fig. 3. Quantitative binding of iodide by thyroid and serum protein at increasing 
concentrations of iodide in the media. Note that both thyroid and serum bind in excess 
of their original total iodine concentrations, at high levels of iodide. 
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despite the fact that the tissue iodine concentration of the former was two 
hundred times that of the latter. Moreover, iodide binding, which exceeded 
the original iodine concentration of the tissue by more than twofold, was 
demonstrated at high concentrations of iodide. Furthermore, when liver 
homogenate was fortified with added diiodotyrosine so as to bring its final 
iodine concentration above that of thyroid, it bound no better than did the 


original liver (Table 1). 


Thyroid 4.40mg Protein /cc. 


0.15 - Serum, 3.75mg Protein /cc. 
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Fig. 4. A continuation of the study of quantitative iodide binding at high iodide con- 
centrations, using different tissue preparations from those used in the study of Figure 3. 
The serum binding curves of Figures 3 and 4 are continuous; the thyroid binding 
curves are not, thus suggesting quantitatively different thyroid responses in two rat 
groups to pretreatment with thiouracil and low-iodine diet. 


In Figures 3 and 4 are shown the quantitative iodide-binding data of 
homogenized hyperplastic thyroid protein and of serum protein, at in- 
creasing iodide concentrations of constant specific activity. Maximal bind- 
ing is approximately 0.2 microgram of iodide per mg. of thyroid protein, 
and this occurs at a concentration of 150 to 200 micrograms of iodide per 
100 ce. of media. 

Heat-treated thyroid homogenate bound no iodide, but this may indi- 
cate tissue denaturation rather than specific enzymatic destruction. 
The cellophane bag itself bound less than 5 per cent of the iodide present. 
Inhibition of binding: Thiocyanate and propylthiouracil completely in- : 
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hibited binding when present in appropriate concentrations (Figs. 5 and 6). 

Reversibility: The relatively irreversible nature of thyroid binding was 
demonstrated in several ways: 1) Dilution of homogenate one hundredfold 
and reconstitution to a small volume by means of vacuum ultrafiltration 
through a collodion-coated alundum candle was attended by no loss of 
bound iodide. 2) Dialysis of the homogenate against running tap water for 
from one to forty-three days gave variable results, although generally the 
thyroid binding appeared to be irreversible, whereas that of serum was 
partially reversible. Table 2 shows the results of a study involving dilute 
thyroid and liver homogenates and half-strength serum, and represents 
the maximal reversibility observed in 17 thyroid binding experiments. In 


TABLE 2. REVERSIBILITY OF HOMOGENATE-BOUND RADIOIODIDE 


| | Bound iodide in CPM* 


Homogenate | Protein per mg. protein Reversibility 
Tissue ‘concentration! concentration in 
| in mg./ee. | in mg./ee. After 4 days’ per cent 


Initial dialysis 


| 


Thyroid 30 3.5 3700 1205 67 
3844 1979 49 

Liver 30 4.0 390 51 87 
484 31 93 

Serum _— 38.0 146 65 55 
27 84 


* Counts per minute. 


12, no significant reversibility was found; in 3, it was less than 28 per cent. 
In contrast, 45 to 85 per cent of the serum bound iodide dialyzed away in 
from one to four days. 3) Dialysis of the thyroid (or serum) iodide complex 
against serial exchanges of sodium iodide, potassium thiocyanate or sodium 
thiosulfate for four days caused no elution of thyroid bound iodide except 
for 4 and 11 per cent when dialyzed against inert iodide. Elution from 
serum was 39 per cent in thiocyanate and 6 per cent in iodide. 
Precipitability: Four methods indicated that both thyroid and serum 
bound iodide were largely protein precipitable. Table 3 shows that the 
general order of efficiency of precipitant is zinc hydroxide > trichloracetic 
acid >acetone > heat coagulation. The precipitability of iodide bound by 
thyroid homogenate and by serum appears to be about equal. 
Identification of the nature of bound iodide: After exhaustive dialysis 
against water, 25 per cent of the remaining bound iodide was soluble in 
trichloracetic acid. When 3 samples of bound iodide were fractionated into 
various components by the methods of Taurog and Chaikoff (16), only 
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TABLE 3. PRECIPITABILITY OF HOMOGENATE-BOUND RADIOIODIDE 


MECHANISM OF IODIDE ACCUMULATION 


3 to 8 per cent behaved like thyroxine. However, the remaining butanol- 
soluble fraction contained nonthyroxine-like molecules including, for exam- 
ple, firmly associated inorganic iodide split off from protein during alkaline 
hydrolysis, monoiodotyrosine, and diiodotyrosine. Thus, 92 to 97 per cent 
of the homogenate-bound, precipitable iodide was really unidentified by 
this method. 

In order to establish the nature and state of the bound iodide, a butanol 
extract of the acidified hydrolysate was chromatographed on filter paper 
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| Bound iodide in Precipitated ene 
Tissue | Precipitant CPM* per mg. | iodide in CPM Precipitability 
| | protein per mg. protein in per cent 
| | 
| ; | Avg. 
Thyroid | Trichloracetic acid | 11,366 7,402 65 
8,409 4,686 56| 
| 756 , 867 562 ,934 74 
| 427 ,453 | 381,757 89 
Somogyi's reagent | 6,029 | 5,662 
440 ,976 | 272 , 907 62 
Acetone 211,836 126 ,434 60| 
259,874 165,633 64 
Heat coagulation 210,418 94,135 40 
235,855 82,899 


Trichloracetic acid 


2,555 


2,266 


144,533 


34,110 


Acetone 255,991 144,891 76 
| | 266,560 255,364 96f 
| Heat coagulation 63,998 23,871 


* Counts per minute. 


using the butanol-acetie acid-water, ascending unidimensional technique of 
Taurog, Tong, and Chaikoff (17). The great majority of the radioiodide 
appeared consistently in the inorganic iodide band (Fig. 7), though small 
amounts of activity were generally present in the monoiodotyrosine band 
and traces in the diiodotyrosine and thyroxine bands. This predominating 
band corresponded exactly in location with that of iodide trapped in vivo 
by rats with propylthiouracil-treated hyperplastic thyroid glands. There 
was no corresponding ninhydrin band. Moreover, in a single analysis by 
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Fia. 7. Radioautograph of paper chromatogram made from butanol extract of hydro- 
lyzed thyroid homogenate after iodide binding. The predominant radioactivity behaved 


like inorganic iodide. 


starch column chromatography (18) the predominant activity was found 
in the inorganic iodide fraction. 


DISCUSSION 
Any explanation brought forth regarding the iodide trapping mechanism 


will have to explain the following characteristic in vivo phenomena (2): 
1) The thyroid iodide comes rapidly into equilibrium with plasma, but 


1 We are indebted to Miss Shirley Barry for this determination. 
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may be 250 or more times greater in concentration. 2) Thyroid iodide is not 
precipitable with trichloracetic acid or with Somogyi’s reagent. 3) Thyroid 
iodide is completely dialyzable and ultrafiltrable. 4) The uptake by the 
goitrous gland is inhibited by thiocyanate, and 5) Iodide concentrated 
within the blocked gland can be rapidly flushed out with thiocyanate. 

In the present study thyroid homogenate has revealed an unquestionable 
ability to bind iodide, significantly exceeding that of nonthyroidal tissues, 
including serum. For the following reasons it is unlikely that exchange will 
account for this phenomenon: 1) At 2°C. and pH 7.4 virtually no exchange 
should occur (19). 2) The maximal bound iodide exceeded the original 
iodine concentration of the thyroid tissue by more than twofold, and of 
serum by more than fiftyfold; and binding by liver homogenate was not 
enhanced by artificial fortification with organic iodine. 3) The great pre- 
dominance of inorganic iodide determined by chromatographic identifica- 
tion is inconsistent with exchange. Hydrolysis of thyroid containing or- 
ganic radioiodine does not result in the release of comparable quantities of 
inorganic iodide (17). 4) In the normal animal, precipitability of organic 
iodine is virtually complete, using trichloracetic acid (7) or Somogyi’s re- 
agent (20). The nonprecipitable fraction of bound iodide is not explainable 
on the basis of exchange. 5) Binding is markedly reduced in certain buffers 
at pH 5.5 to 6.6, where exchange should occur more readily than in alkaline 
phosphate. 

To what degree then do the phenomena observed resemble in vivo ac- 
cumulation by the thyroid? First of all, the magnitude of iodide accumula- 
tion is adequate. When the protein-binding data of Figures 3 and 4 are 
replotted in terms of grams of wet tissue and cc. of media, concentration 
gradients of 50 to 1 are obtained for thyroid over its media, at low iodide 
levels (Fig. 8). This compares very favorably with in vivo accumulation 
gradients of 250 to 1 in the propylthiouracilized hyperplastic gland, or of 
25 to 1 in the acutely blocked normal gland and in the blocked sheep slice 
(3). At higher concentrations of homogenate tissue, gradients fall some- 
what, but even at wet weight concentrations of 120 mg. per cc. they are 
15 to 1. 

The degrees of irreversibility and precipitability of this bound iodide are 
far in excess of those demonstrated for iodide trapped in vivo. Moreover, in 
our experiments, thiocyanate was ineffective in eluting bound iodide, and 
propylthiouracil inhibited its binding. These inconsistencies indicate that 
the binding demonstrated is not explanatory of the in vivo accumulation 
mechanism. Salter (5), however, has postulated two types of inorganic 
iodide binding by thyroid, the one a loose association easily reversible, the 
other a more intimate binding in which the iodide is nondialyzable, heat 
coagulable and acetone precipitable. The data herein reported are consist- 
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ent with these observations, though they do not, of course, indicate that 
such a union occurs physiologically. The binding observed is, however, in- 
firm enough to allow for occasional partial reversibility on dialysis, for 
incomplete precipitability with several agents, and for complete emancipa- 
tion upon hydrolysis. 

The tenacity of the binding is unusual for ionic association, although not 
necessarily inconsistent. For example, iron, though remaining in the cat- 
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Fig. 8. A replotting of the data of Figure 4 in terms of tissue-media concentration 
ratios. Bound iodide was recalculated as micrograms per Gm. of moist thyroid or per ec. 
of serum, and compared with iodide concentrations per ec. of media. 


ionic state, is irreversibly bound by B.-pseudoglobulin at neutral pH as 
far as dialysis is concerned (21), and bound thiocyanate may resist ultra- 
filtration to a degree (22). Thus, it is possible that the binding observed 
represents a protein-anion complex of a high degree of tenacity. 

A second explanation would be that the present binding occurs in conse- 
quence of an oxidative step. It is believed that it is an oxidative step in the 
metabolism of iodide which is inhibited by propylthiouracil, and also by 
large concentrations of thiocyanate (5). It is conceivable that binding to 
some unknown substance, occurring after an oxidative step, would explain 
several features of this study, namely the data regarding precipitability, 
irreversibility, lack of elution by thiocyanate, and inhibition of binding by 
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thiocyanate and by propylthiouracil. The chromatographic data might fit 
this possibility also, since it is unknown at present whether or not elemental 
iodine released by hydrolysis would react with sodium hydroxide to form 
iodide and hypoiodite, or what the stability and motility of the latter com- 
pound would be in the chromatograph solvent. Thus it is possible that the 
experiments described have demonstrated a divorcement of the oxidative 
binding step from the iodide accumulation step of thyroid iodine metabo- 
lism—in a sense, the converse of the demonstration made possible by 
thiouracil. Further work is necessary before either of these possible expla- 
nations can be accepted. 

The demonstration of a detectable amount of radioactivity within the 
iodinated amino acids naturally raises the question of whether or not the 
complete synthesis of thyroxine can occur in vitro in an acellular prepara- 
tion of thyroid protein, starting with inorganic iodide. It must be pointed 
out, however, that conditions not unfavorable for exchange were present 
in both chromatographic procedures, namely, an acid phase, room temper- 
ature, and adequate time. Thus it would be unwise to interpret this finding 
as proof that such synthesis can occur, although neither is this possibility 
ruled out. 

CONCLUSIONS 


1. Homogenized thyroid protein will consistently bind iodide, and its 
binding capacity greatly exceeds that of serum, liver, muscle, kidney, and 

spleen homogenates. 

2. This binding can be inhibited by thiocyanate and by propylthiouracil. 

3. The iodide bound by thyroid is largely nondiffusible and protein- 
precipitable. It cannot be eluted with thiocyanate, thiosulfate or iodide to 
any significant extent. 

4. During alkaline hydrolysis this bound iodide is set free and thus 
appears as inorganic iodide in paper and starch column chromatography. 

5. Two possible explanations for these phenomena are discussed: a) 
The formation of a protein-anion complex of firm association. b) The for- 
mation of an oxidative binding in a system able to by-pass the initial 
iodide accumulation step. 
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THE USE OF THIOURACIL IN THE TREATMENT 
OF METASTATIC CARCINOMA OF THE 
THYROID WITH RADIOIODINE*fT 


J. E. RALL, M.D., WADE N. MILLER, M.D., 
CHARLES G. FOSTER, M.D., WENDELL C. 
PEACOCK, Pu.D., anv RULON W. RAWSON, M.D. 


From the Department of Clinical Investigation of the Sloan-Kettering Institute and 
Memorial Center, New York, and the Medical Department of Brookhaven 
National Laboratories, Upton, Long Island, N. Y. 


INTRODUCTION 


URING the past five years a systematic attempt has been made at 

Memorial Center to induce in cancers of the thyroid a capacity to 
concentrate radioiodine like that possessed by normal thyroid tissue (1, 
2). Total thyroidectomy, the administration of thyrotropic hormone and 
thiouracil have been the measures used to influence the cancers. Long con- 
tinued pretreatment with thiouracil has been the most effective means of 
increasing iodine concentration by cancers of the thyroid. This report is a 
summary of the results obtained so far with this method. 


METHODS 


The methods of standardization of radioiodine, and its measurement in 
blood, urine and in vivo have been described previously (3). The estima- 
tion of the absolute amount of radioiodine in the thyroid by these methods 
is technically possible to a probable error of about 15 per cent. Because it 
has been impossible to estimate accurately the absolute amount of radio- 
iodine in one or more large, deeply situated metastases, the quantity of 
radioiodine excreted in the urine in four days has been used as an index 
of the amount concentrated in the metastases. The relative concentration 
of radioiodine by metastatic areas has been determined by counting with 
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TABLE 1. COMPARISON OF THE EFFECT OF THIOURACIL, THYROIDECTOMY AND 
THYROID-STIMULATING HORMONE ON THE CONCENTRATION OF 
RADIOIODINE BY CANCERS OF THE THYROID 


Agent used 


Number of patients Per cent of patients 
to stimulate ‘ aatieadl in whom tumor in whom tumor 
uptake uptake increased uptake increased 


Thiouracil 30 21 10.0% 
Thyroidectomy 35 21 60.0% 


TSH 16 5 31.3% 


the Geiger-Mueller tube at skin contact. An increased uptake has been 
interpreted when the counting rate over the involved area increased by a 
factor of 5. Thiouracil has been administered in doses of from 1.0 to 1.5 
grams per day. In all patients total thyroidectomy, either surgically or 
with radioiodine, preceded the administration of thiouracil. Tracer doses 
of radioiodine were given at approximately six-week intervals throughout 
the course of thiouracil administration. In all instances the administration 
of thiouracil was discontinued forty-eight hours prior to the radioiodine 
tracer and was not resumed until the tracer study had been completed. 


RESULTS 


Table 1 shows the effects of thyroidectomy, TSH and thiouracil on the 
concentration of radioiodine by metastatic cancers of the thyroid. There 
was sufficient concentration of radioiodine by the cancer to permit the 


TABLE 2, EFFECT OF THIOURACIL ON THE UPTAKE OF ["! py 
METASTATIC CARCINOMA OF THE THYROID 


Increased uptake No effect 


Pathologie diagnosis 


Metastasizing struma 3 1 
Follicular carcinoma with or without alveolar and 

solid components 9 2 
Papillary and follicular carcinoma with solid or 

alveolar components 5 1 
Papillary carcinoma 2 I 
Solid carcinoma 7 1 2 
Hiirthle cell carcinoma (follicular metastases) 1 2 

21 (70.0%) 9 (30.0%) 


Comparison of the pathologie diagnoses in patients given thiouracil to increase the 
concentration of radioiodine by the cancers. A biopsy of the metastases in 1 case of 
primary Hiirthle cell carcinoma showed a follicular structure. This case showed an in- 
creased uptake of radioiodine in the metastases after pretreatment with thiouracil. 
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administration of a therapeutic amount without resorting to at least one 
of these procedures, in only 2 out of 20 cases. 

It is apparent that of the three procedures, thiouracil was the most 
effective agent for increasing radioiodine uptake by metastatic lesions. In 
all cases, however, thyroidectomy was performed prior to the administra- 
tion of thiouracil, so it is in some cases difficult to ascertain whether the 


TABLE 3. DIAGNOSES—PATIENTS TREATED WITH THERAPEUTIC DOSES OF I! 


Metastasizing struma 3 
Follicular carcinoma with or without alveolar and solid components 9 
Papillary and follicular carcinoma with solid or alveolar components = 5 
Papillary carcinoma 1 
Solid carcinoma 1 
Hiirthle cell carcinoma (follicular metastases) 1 


increased uptake was a late effect of thyroidectomy or a direct effect of 
thiouracil. Table 2 shows the pathologic diagnoses in those cases in which 
thiouracil caused an increase in the uptake of radioiodine. Table 3 shows 
the pathologic diagnoses in 20 patients who received radioiodine in thera- 
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Fig. 1. Urinary excretion of multiple tracer doses of radioiodine in a patient 
(D. K.) with cancer of the thyroid and pulmonary metastases. 


> 
D K 
| 
= 


1276 RALL, MILLER, FOSTER, PEACOCK AND RAWSON Volume 11 


peutic amounts. It is significant that in all but one of those patients suc- 
cessfully prepared with thiouracil, there was some element of follicle for- 
mation in the cancer. It is also significant that only 2 of the 20 patients 
eventually treated with radioiodine failed to show a follicular component 
in the cancer. 

Three patterns of response to thiouracil have been observed. The first 
has been a complete failure of thiouracil to influence the uptake of radio- 
iodine. This has been observed in 9 patients. In 3 of these, however, the 
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Fig. 2. Urinary excretion of multiple tracer doses of radioiodine in a patient 
(W. M.) with cancer of the thyroid and pulmonary metastases. 


thiouracil was administered for two months or less. It is possible that a 
longer period of treatment would have produced some effect. It is of con- 
siderable interest that 5 of the 9 patients who did not respond to thiouracil 
had no follicular elements in their cancers (Table 2). The second pattern 
of response is shown by D. K., a 15-year-old girl with papillary, follicular 
and alveolar carcinoma of the thyroid, metastatic to the lungs. Figure 1 
shows 96-hour urinary excretions of radioiodine at intervals before and 
after varying periods of pretreatment with thiouracil. It is apparent that 
there was a gradual increase in avidity of the metastatic lesions for radio- 
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iodine. The radioactivity over the metastases, as determined by in vivo 
counting, correlated inversely with the urinary excretion of the tracer dose. 

The third pattern of response has been the abrupt development of an 
extremely high uptake of radioiodine by the carcinomas. This is shown in 
the case of W. M., a 15-year-old boy with metastasizing struma and 
pulmonary metastases. Figure 2 shows the 96-hour urinary excretion of 
many tracer doses of radioiodine before and after a therapeutic dose. It 
is difficult to be sure whether total thyroidectomy or thiouracil, or both, 
caused the striking decrease in urinary excretion of tracer doses of radio- 
iodine seen in the first sixteen months of observation. After the therapeutic 
dose of 112 millicuries of radioiodine, however, there was no significant 
change in the urinary excretions of tracer doses of radioiodine for a period 
of twenty months. Within two months after the institution of therapy 
with thiouracil a marked change was noted, so that the urinary excretion 
in ninety-six hours of a tracer dose of radioiodine had decreased from 60 
per cent to 20 per cent. A causal relationship between this change and the 
thiouracil seems likely. 


TABLE 4. MEAN 96-HOUR URINARY EXCRETION OF BOTH THERAPEUTIC AND 
PRETREATMENT TRACER DOSES OF RADIOIODINE IN PATIENTS WITH 
CANCER OF THE THYROID 


96-Hour mean urinary excretion 


Number of doses Mean dose 


Therapy 


Doses prior to December 1948 
20 148 me. 63% 65% 


Doses subsequent to December 1948 
17 96 me. 31% 33% 


Table 4 shows data to indicate the trend in treatment of metastatic 
cancer of the thyroid at Memorial Center. It is apparent that prior to 
December, 1948, over 60 per cent of the average therapeutic dose of radio- 
iodine was excreted in ninety-six hours, whereas after this time, only ap- 
proximately 30 per cent of the average therapeutic dose was excreted in 
ninety-six hours. This daté represents the introduction of the use of large 
amounts of thiouracil in the pretreatment of these patients. 

Sixteen patients have been treated with large doses of radioiodine after 
preparation with thiouracil. Three of these have shown a diminution in the 
pulmonary metastases demonstrated radiographically. Figure 3 shows the 
chest roentgenograms of a boy of 15 before and after the administration 
of 112 millicuries of radioiodine. It is apparent that there has been a 
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dramatic decrease in.the pulmonary metastases in this boy. It is obviously 
too early to evaluate the late result of this therapy, for he was treated 
only two and a half years ago. We have not observed recalcification in 
osteolytic metastases, but in 3 patients have seen arrest of growth of the 
skeletal metastases. There has been some objective improvement noted 
in 9 of the 16 patients. Relief of pain has been noted in 6. In all patients, 
some improvement was noted. 


Fig. 3. Chest roentgenograms of patient W.M. with carcinoma of the thyroid, 
metastatic to the lungs. The picture on the left was taken January 19, 1948. A thera- 
peutic dose of I'*! (112 millicuries) was given on December 29, 1948. The picture on the 


right was taken July 6, 1950. 


Toxic effects observed as a result of the administration of thiouracil 
were less than might have been expected. No cases of agranulocytosis 
developed in these patients, although a leukopenia of 3,000 cells per cu. 
mm. has been observed in many of them. In 3 patients psychoses devel- 
oped during thiouracil treatment; in 2, the psychoses cleared up as soon 
as the myxedema was treated with desiccated thyroid. One psychosis has 
persisted and has been ascribed by psychiatrists to previous deep-seated 
emotional disturbances. One patient showed urticaria of such severity 
that it was necessary to discontinue the thiouracil. 


DISCUSSION 
Thiouracil itself has been used in all these cases. Although 6-n-propyl- 
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thiouracil has been used only a few times, the impression has been gained 
that it is much less effective. 
In 5 patients, preparation with thiouracil was so effective that less than 
15 per cent of the dose was excreted in the urine in ninety-six hours. The 
explanation of this dramatically high uptake of radioiodine requires some 
consideration. At least three possibilities arise. One, as a result of having 
taken thiouracil for a long period of time, the patient is in a state of iodine 
depletion so that the avidity for iodine of any functioning thyroid tissue, 
cancerous or not, is extremely high. Analogy may be made to animals 
given a low-iodine diet; the uptake of radioiodine by the thyroid may be 
increased from 10 to 50 per cent within as little as a month of treatment 
with such a diet (4). A second explanation is that thiouracil, by causing 
myxedema in these patients, has stimulated the pituitary to put out an 
increased amount of thyroid-stimulating hormone, which in turn increases 
the avidity of the thyroid tissue, cancerous or normal, for iodine. A third 
explanation is that these large doses of thiouracil have augmented the 
action of the patient’s own circulating thyroid-stimulating hormone. The 
in vitro and in vivo augmentation of the action of TSH by thiouracil has 
been shown previously (5, 6). There is no evidence to indicate which one 
or combination of these explanations obtains. 
Possible serious objections to the long-term pretreatment of patients 
- with thiouracil are: 1) the patient may die before therapeutic doses of 
radioiodine are administered, and 2) the tumors may increase in size so 
that although more radioiodine is picked up by the tumors, the actual con- 
centration of radioiodine per gram of tumor decreases. The first objection 
rarely obtains because most cancers of the thyroid are very slow-growing. 
The second objection is difficult to refute unequivocally because it is im- 
possible to determine precisely the mass of tumor tissue in, for example, 
lungs, and its change during the course of pretreatment with thiouracil. 
Serial x-ray plates of roentgenographically demonstrable metastases, how- 
ever, have failed to show marked change during thiouracil pretreatment. 


SUMMARY 


It has been possible by a combination of total thyroidectomy and pro- 
longed thiouracil treatment to induce collection of radioiodine by 21 of 35 
metastatic cancers of the thyroid. 

It has been*possible as a result of this preparation to administer 27 
therapeutic doses of radioiodine to 16 patients. 
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MALIGNANT THYROID TUMORS OCCURRING IN 
THE MOUSE AFTER PROLONGED HORMONAL 
IMBALANCE DURING THE INGESTION 
OF THIOURACIL* 


HAROLD P. MORRIS, Px.D., ALBERT J. DALTON, Pu.D. 
AND CELIA DUBNIK GREEN, B.A. 


From the National Cancer Institute, National Institutes of Health, Federal Security 
Agency, Public Health Service, Bethesda 14, Maryland 


INTRODUCTION 


T IS generally recognized that the surgical removal of an endocrine 

gland will affect the secretion of other endocrine glands. It would be 
expected, too, that a chemical agent capable of specifically blocking the 
secretion of a single endocrine gland would also alter the normal hormonal 
balance. Experiments on mice have been in progress for over seven years 
in our laboratories on the effects of long continued chemicaNy produced 
hormonal imbalance (1). The goitrogenic drug, thiouracil, in these experi- 
ments has been the chemical agent used to interfere with the secretions of 
the thyroid gland. 
_ The expected hypertrophy and hyperplasia of the thyroid gland of mice 
treated for prolonged periods with thiouracil were accompanied by struc- 
tural changes in other endocrine glands notably the adrenal, pituitary, 
testes and ovary (2, 3). Young mice ingesting thiouracil continuously also 
ceased increasing in body weight at an early age. Estrus was inhibited or 
completely suppressed. Mammary gland development was arrested, and 
mammary-tumor formation in susceptible mice was reduced to a very low 
incidence or to zero (8, 4). 

The theoretical mechanism advanced to explain these results features 
the creation of a hormonal imbalance initiated by the inability of the thy- 
roid gland to secrete thyroxine while under the influence of a goitrogen; 
followed by a compensatory over-secretion of thyrotropin (TSH) by the 
anterior lobe of the hypophysis with a concomitant undersecretion of 
other tropic hormones. 

In spite of the extreme hypertrophy and hyperplasia of the thyroid 
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glands of mice ingesting thiouracil, with glands weighing from 3 to 30 
times more than those of control mice, no evidence of neoplasia was found 
in the original thyroids (2). 

A considerable proportion of the lungs of the strain C3H mice, in which 
thyroids had been maintained in this hyperplastic state for periods ex- 
ceeding twelve months, grossly exhibited numerous superficial pearly gray 
nodules identified histologically as thyroid tissue (2). Because of the pres- 
ence of thyroid tissue in blood vessels of the thyroids of the mice ingesting 
thiouracil as noted by Dalton, Morris, and Dubnik (2) and by Gorbman 
(5), and because of the presence of endothelium surrounding the nodules 
of thyroid tissue in the lungs (2) it was believed that such nodules repre- 
sented true metastases from thyroid glands, even though the metastatic 
nodules were very similar histologically to the thyroids of the animals in 
which they were found. 

This paper presents the results of a series of experiments dealing with 
the transplantability and growth potential of hyperplastic and metastatic 
thyroid tissue, the development of autonomous malignant tumors from 
such hyperplastic tissue after a series of transplant generations and a brief 
description of the histologic and some physiologic characteristics of two 
tumor lines. 

METHOD 


It was essential to prolong the period of hyperplasia beyond the lifetime 
of any one mouse in order to test adequately the hypothesis that prolonged 
TSH stimulation would eventually result in further alteration progressing 
to neoplasia and possibly even malignancy. It was also necessary to pro- 
vide conditions under which thyroid tissue could be exposed to excessive 
TSH stimulation for very long periods under the most favorable conditions 
which could be devised. 

The body fluids of highly inbred mice of the same strain (C3H) in which 
hyperplastic thyroids were present seemed to offer the most nearly homol- 
ogous fluid in which to grow thyroid tissue. In order to keep the tissues 
under continuous TSH stimulation indefinitely, the tissues were trans- 
ferred by means of a sterile trocar at frequent intervals to young hosts 
which had ingested a diet of natural foodstuffs containing thiouracil' for 
a few weeks before the transfer. 

_In the early stages of the experiments very little tissue was available, so 
that only a few animals could be used. Whenever possible a small bit of 
tissue was preserved in Zenker-formol and stained with hematoxylin and 
eosin at each transfer so that a serial histologic record would be obtained. 


1 The thiouracil used was generously supplied by Lederle Laboratories, Pearl River, 
N. Y., through the courtesy of Dr. 8. M. Hardy. 
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This was not always possible at the time of some of the early transfers 
because in these, all of the tissue available was needed for transplantation. 


RESULTS 


The initial transfer was made from a thyroid gland of a strain C3H 
mouse that had ingested a thiouracil-containing diet for eighteen months. 
The hyperplastic thyroid tissue of this mouse was implanted subcuta- 
neously into 4 young mice of the same strain. In all 4 cases the transplanted 
tissue developed a vascular bed very rapidly and grew well and each of 
the 4 sublines was carried for several generations. The detailed description 
which follows has been confined to but 2 of the 4 recipient hosts and their 
descendants. 

The subcutaneous implant in host #1 was carried as generation #1 for 
nine months, at which time it was transferred to other young hosts (gener- 
ation #2). After four months in these hosts it was again transplanted 
(generation #3). In a third generation host after three months, autopsy 
revealed a lung nodule which had the glistening, pearly gray gross appear- 


Fig. 1. Adenomatous area in the thyroid of the mouse found to possess a pulmonary 
nodule. From this area, on transplantation, tumor line #1 developed. The adenoma is 
different from any other seen previously in the thyroids of C3H mice ingesting thioura- 
cil, and contained simple columnar cells lining large follicles containing acidophilic col- 
loid. The arrangement of the cells is obviously different from that of the surrounding 
hyperplastic thyroid tissue. x 150. 
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_ Fig. 2. Cell detail at margin of the adenomatous area shown in Figure 1. The ade- 
noma cells are smaller and their nuclei are more hyperchromatic (upper part of field) 
than those of the typical hyperplastic thyroid tissue (lower part of field). X800. 


ance of the nodules which previous experience had associated with the 
presence of metastatic thyroid tissue. This nodule was transplanted in its 
entirety subcutaneously to a young host ingesting thiouracil. The morpho- 
logic evidence for this metastatic nodule having consisted of thyroid tissue 
is based on studies of subsequent implant generations and particularly on 
the similarity between the histologic structure of these implants and an 
adenomatous area found in the thyroid of host #1. This tumor line at 
first grew only in mice ingesting thiouracil but in the seventh generation 
was found to grow readily in normal mice. It has been designated tumor 
line #1. 

The second of the recipient hosts referred to above carried part of the 
same original thyroid subcutaneously also for nine months; the implant was 
then transferred to other mice in exactly the same way through 10 trans- 
plant generations. This other line will be referred to in this paper as tumor 
line #4. Line #4 was dependent on thiouracil for continued growth up 
through the eighth generation. In the ninth generation, a transplant grew 
in 1 mouse out of 7 receiving the stock diet without thiouracil, showing that 
at this time complete autonomy had been attained. However, in line #4 the 
best growth and highest percentage of takes still continued to be obtained 


in mice ingesting thiouracil. 
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Fig. 3. Cell detail at the margin of the cystic area in the fourth generation trans- 
plant, showing a cell type and arrangement similar to that in the adenomatous area in 


Figure 2. <800. 


As indicated above, tumor line #1 resulted from the transplantation of 
a pulmonary nodule in a mouse which itself was carrying a subcutaneous 
implant of thyroid tissue. In spite of its somewhat uncertain origin (as a 
metastasis either from the host thyroid or from the subcutaneous implant) 
this tumor line was chosen for detailed histologic study because, as will 
be shown subsequently, it was representative of a tumor type which re- 
tained very little of normal thyroid function. No material was available 
from the first generation transplant for histologic study, since it was all 
used as transplanting material. All of the later generations of transplants 
however, are fundamentally similar histologically and the individual cells 
of these transplants are similar to an adenomatous area in the thyroid of 
the animal from which the lung nodule was taken and dissimilar to the 
subcutaneous implant which was growing in the original host. Figure 1 
shows this adenomatous area surrounded by hyperplastic thyroid tissue. 
The follicles of the adenoma are lined by a layer of simple columnar epi- 
thelium and are the only follicles in the sections of this thyroid gland which 
were found to contain colloid. Figure 2 shows the detail of the relatively 
small adenoma eells with their hyperchromatic nuclei. The fourth genera- 
tion transplant, as did all of the early transplant generations, developed 
as a cystic vesicle containing a central mass of tissue. Figure 3 shows an 
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Fia. 4. Cell detail in the area of the central mass in a fourth generation transplant, 
showing a condensed, cord-like arrangement of the cells. 800. 


Fia. 5. Section from a seventh generation transplant, showing the tortuous 
cord-like arrangement of the cells. 300. 
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Fig. 6. Thyroid of the host carrying a ninth generation transplant. This animal 
had not received thiouracil and the thyroid shows no deviation from the normal picture. 


Fig. 7. Cell arrangement of tumor line #1 in the ninth generation transplant. 300. 
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Fig. 8. Low-power view of a pulmonary metastasis from a subcutaneous implant 
of the ninth generation of tumor line #1. X75. 


area at the margin of the cyst with a cell type and cell arrangement similar 
to that of the adenoma, and Figure 4, from the central tissue mass, shows 
a similar type of cell arranged in closely packed, simple cords. In all of the 
generations of transplants, the cells are arranged in these simple cords 
which run an extremely tortuous course. This arrangement was already 
explicit in the fourth generation (Fig. 4) and became characteristic of the 
whole tumor by the seventh generation (Fig. 5). In the seventh generation, 
the tumor was found to grow readily in mice not receiving thiouracil. 
In the ninth generation, not only did the tumor grow autonomously but 
numerous pulmonary metastases developed as well. Figure 6 shows the nor- 
mal appearance of the thyroid of the host in this particular case and Figure 
7 shows the histologic pattern of the tumor cells of the subcutaneous im- 
plant of this generation. Figure 8 shows a pulmonary metastasis from this 
subcutaneous implant and Figure 9, in more detail, shows its similarity 
in cell type and arrangement to the subcutaneous implant. Figure 10 
shows that the characteristic cord-like arrangement of the tumor cells was 
continued in the eleventh generation. 

Tumor line #4, which arose as described previously, was chosen for 
detailed histologic analysis because, in contrast to tumor line #1, it rep- 
resented a tumor type with a considerable capacity to assimilate and 
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Fie. 9. High-power view of part of the pulmonary metastasis shown in Figure 8, 
illustrating a cell arrangement similar to that of the subcutaneous implant in the same 
animal (Fig. 7). 300. 


Fig. 10. Subcutaneous implant of tumor line #1 in the eleventh generation, showing a con- 
tinuation of the characteristic cell arrangement as in previous generations. 300. 
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Fig. 11. Subcutaneous implant of the fifth generation of tumor line #4, showing a cell 
type and arrangement similar to typical hyperplastic thyroid tissue (Fig. 2). 300. 


~, 


Fig. 12. Subcutaneous implant of the ninth generation of tumor line #4, grown in a 
mouse ingesting thiouracil, showing a similarity in cell type and arrangement to that 
of the fifth generation, except that acidophilic colloid is present in the follicles. X300. 
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store iodide. The cells of this tumor from the first possessed a cell type and 
arrangement very similar to typical hyperplastic thyroid tissue (compare 
the hyperplastic tissue in Fig. 2 with the tissue in Fig. 11). The cells 
are relatively large and possess vesicular, relatively hypochromatic nu- 
clei. The essential difference between tumor line #4 and the hyperplastic 
thyroid tissue is the presence in the tumor of follicles containing moder- 
ately acidophilic colloid. No difference in histologic structure could be 
detected in this tumor when, in the ninth generation, the tumor was grown 


Fig. 13. Subcutaneous implant of the ninth generation of tumor line #4 grown in 
a mouse not receiving thiouracil, showing a detailed structure essentially similar to that 
shown in Figure 12. 300. 


in some mice ingesting thiouracil (Fig. 12) and in other mice not ingesting 
thiouracil (Fig. 13). : 


Thyroid and tumor function: 


Wollman, Morris and Green (7) found that there was a great difference 
in the ability of these two tumor lines to function as thyroid tissue. They 
calculated the rate of the percentile uptake of I'*! per mg. of tumor and 
compared this with the rate per mg. of thyroid tissue of the host. This 
ratio gives a comparison of the functional capacity of the two tissues in - 
the same animal where the tissues would be exposed to the same hormonal 
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environment. Using animals in transplant generation 7, the concentrating 
power of the host thyroid in tumor line #1 was found to be 1,300 times that 
of the tumor, whereas for tumor line #4 it was only 2.16 times that of the 
tumor (Table 1). Hence, even in the case of the most thyroactive tumor 
(which at this time was still dependent on thiouracil for continued growth) 
the tumor concentrated iodide on the basis of unit weight of tissue only 
half as well as did the thyroid in the same animal. The tumors grow to be 
much larger than the host thyroid so that their total iodine uptake may 
actually amount to much more than the pickup in the thyroid. This is 
illustrated in Table 2, in which the iodine pickup by the thyroid is com- 


TABLE 1. AVERAGE PERCENTILE UPTAKE OF I[!*! By THYROIDS AND 
TUMORS PER MG. OF TISSUE 


A B 


Mouse tumor Time after ‘0 A/B 
line injection % T'5!/mg. % T'3!/mg. Ratio A/ 
(hrs.) of thyroid of tumor 


0.0024 
0.65 


2.60 
1.38 


5 
18 


TABLE 2. AVERAGE PERCENTILE UPTAKE OF ['*! By HOosT 
THYROIDS AND TUMORS 


A B 
Mouse tumor Time after | Ratio A/B 
line injection (hrs.) | I! in thyroid, % | I! in tumor, % 
1 5 25-7 0.21 202.00 
18 1251 44.40 0.31 


pared with the uptake by the tumor, showing that in tumor line #1 the 
thyroid took up approximately 200 times more ['* than the tumor, where- 
as in tumor line #4 the tumor took up three times as much I"! as the thy- 
roid gland of the host. 

Using the ability of a tissue to convert iodide into thyroxine as another 
criterion of functional activity, it was found at eighteen hours after injec- 
tion that in tumor line #4 about 11 per cent of the I'* taken up was in the 
thyroxine fraction. Moreover, the ratio of the fraction I"! as thyroxine 
in the tumor to that of thyroxine in the thyroid was 1:1, indicating that 
at this time tumor line #4 was about as effective as the thyroid in convert- 
ing iodide into thyroxine. 


| | | 
4 | 2.16 
| | 
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DISCUSSION 


Several other lines of transplanted tumors other than those described 
in detail here, have been obtained. One line was developed from the thy- 
roid of a mouse that ingested the carcinogen 2-acetylaminofluorene, and 
thiouracil simultaneously. Some implants in this subline attained complete 
autonomy in the third transplant generation. The histologic appearance 
of this subline is very similar to that of tumor line #1 described previously. 
It is still not clear, however, whether the carcinogen exerted a procarcino- 
genic effect on the hyperplastic thyroids. Another line originating from a 
lung nodule has been carried through four transplant generations without 
attaining complete autonomy. Other sublines still require TSH stimula- 
tion for progressive growth. When such stimulation is withdrawn, by 
removing thiouracil from the diet of the host, the implant undergoes re- 
gression. 

The question of the origin of the pulmonary nodule from which tumor 
line #1 arose is interesting but relatively unimportant. The early genera- 
tions of this tumor are similar histologically to an adenomatous area in 
the thyroid of the mouse in which the pulmonary nodule was found, and 
dissimilar to the tumor line which was growing as a subcutaneous implant 
in this same animal. However, the host had been ingesting thiouracil for 
but three months—a much shorter time than our experience indicates 
would result in the development of pulmonary metastases. In any case, 
the original host was too young (5 months of age at autopsy) to have 
shown either spontaneous mammary or pulmonary tumors, neither of 
which was found macroscopically or microscopically. Thus, regardless of 
its origin, tumor line #1 undoubtedly arose from thyroid tissue which had 
been stimulated for a relatively long period by excessive amounts of TSH 
as a result of thiouracil ingestion. 

Bielschowsky (8) has reported that 2-acetylaminofluorene (AAF), when 
administered to rats simultaneously with a goitrogen, acted as an initiating 
or promoting agent in producing thyroid tumors. More recently Hall and 
Bielschowsky (9) reported that, from morphologic evidence, malignancy 
also appeared in the thyroid of the rats receiving only the goitrogen for 
one and a half years. Invasion of neighboring structures, metastases, and 
penetration of the capsule were used as criteria for establishing the diag- 
nosis of malignancy. These investigators concluded from the later studies 
that the AAF accelerated the appearance of multiple benign adenomata, 
but probably the essential factor in the pathogenesis of the experimental 
tumors of the rat thyroid was the continuous stimulation by TSH. Money 
and Rawson (10, 11) consider that, in addition to the overstimulation of 
the thyroid by TSH, the iodine deficiency produced by the action of anti- 
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thyroid drugs may also be involved in the process of thyroid tumor forma- 
tion in rats. 

Bielschowsky et al. (12) have reported transplantation of hyperplastic 
thyroid tissues to thyroxine-deficient rats or thyroidectomized rats but 
they were unsuccessful in transplanting such rat thyroid tumors to normal 
rats, despite the presence of other morphologic signs characteristic of 
malignancy. The inoculated material of Bielschowsky et al. (12), which 
grew only when a state of thyroid deficiency with its consequent increased 
output of TSH was maintained in the host, shows that the tumors were 
not autonomous but could be maintained only under the same conditions 
of thyroid hyperplasia produced by the increased TSH stimulation re- 
sponsible for the production of the original tumor. 

It is believed the experiments reported herein are the first experimental 
evidence showing that autonomous thyroid tumors can be produced in 
mice after prolonged ingestion of thiouracil and presumably similarly 
prolonged TSH stimulation. The fact that our mouse thyroid tissues were 
subjected for a longer period to a continuous state of stimulation than were 
the rat tissues of other observers, may account for the successful develop- 
ment of thyroid tumors in mice transplantable to normal animals. Another 
factor may be the strain difference in mice in response to TSH stimulation, 
for it has been observed that forty C (B alb C)-strain mice fed the same 
thiouracil-containing diet for similar intervals of time showed numerous 
thyroid adenomata (13), but only one instance of thyroid metastasis to 
the lung. Such histologic observations support the view that possibly the 
entire thyroid of the C3H mouse was altered by TSH stimulation, whereas 
only small localized areas of the gland in the C strain were so affected 
(13). Previously (2) we had suggested, primarily on morphologic evidence, 
that the presence of thyroid tissue in the lungs of C3H mice ingesting thi- 
ouracil was possibly an instance of “benign metastasizing thyroid tissue.” 
These latest results make it necessary for us to conclude that, in some 
instances at least, we were dealing with neoplastic, potentially malignant 


tissue. 
SUMMARY 


The long continued exposure of thyroid tissue to excessive amounts of 
thyrotropic hormone by means of serial transplantation of such tissue to 
mice ingesting thiouracil has resulted in the transformation of hyperplastic 
thyroid tissue into malignant autonomous thyroid neoplasms from which 
pulmonary metastases frequently develop. 

The degree of autonomy and the tendency to metastasize show a cor- 
relation with the degree to which the histologic pattern of the tumors differs 
from that of hyperplastic thyroid tissue. A correlation has also been dem- 
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onstrated between their histologic picture and the relative capacity of 
the tumors of lines #1 and #4 to function as thyroid tissue, as indicated 
by their ability to assimilate iodine and to transform iodide into thyroxine. 


REFERENCES 


. Morris, H. P., and Green, C. D.: The role of thiouracil in the induction, growth, 
and transplantability of mouse thyroid tumors, Science 114: 44-46, 1951. 

2. Daron, A. J.; Morris, H. P., and Duspntk, C. 8.: Morphologic changes in the 
organs of female C3H mice after long-term ingestion of thiourea and thiouracil, 
J. Nat. Cancer Inst. 9: 201-223, 1948. 

3. Morris, H. P.; Green, C. D., and Datron, A. J.: The effect of ingestion of thioura- 
cil on strain C mice, J. Nat. Cancer Inst. 11: 805-815, 1951. 

4. Dupnik, C. 8.; Morris, H. P., and Daron, A. J.: Inhibition of mammary-gland 
development and mammary-tumor formation in female C3H mice following inges- 
tion of thiouracil, J. Nat. Cancer Inst. 10: 815-841, 1950. 

5. GorsMan, A.: Thyroid changes induced by prolonged feeding of thiourea, Cancer 
Research 6: 492, 1947. 

6. Morris, H. P.: Review of nutritive requirements of normal mice for growth main- 
tenance, reproduction and lactation, J. Nat. Cancer Inst. 5: 115-148, 1944. 

7. WoLLMAN, 8.; Morris, H. P., and Green, C. D.: Functionality of four transplant- 
able mouse tumors, J. Nat. Cancer Inst. 12: No. 1 (Aug.) 1951. 

8. BrevscHowsky, F.: Tumors of the thyroid produced by 2-acetylaminofluorene and 
allyl-thiourea, British J. Exper. Path. 25: 90-95, 1944. 

9. Hatu, W. H., and Bretscnowsky, F.: The development of malignancy in experi- 
_ mentally induced adenomata of the thyroid, British J. Cancer 3: 534-541, 1949. 
10. Money, W. L., and Rawson, R. W.: Experimental production of thyroid tumors in 

male rats, Tr. Am. A. Study Goiter pp. 171-178, 1947. 

Il. Money, W. L., and Rawson, R. W.: The experimental production of thyroid tu- 
mors in the rat exposed to prolonged treatment with thiouracil, Cancer 3: 321-335, 
1950. 

12. BretscHowsky, F.; Griespacu, W. E.; Hai, W. H.; Kennepy, T. H., and Purves, 
H. D.: Studies on experimental goiter: the transplantability of experimental thyroid 
tumors of the rat, British J. Cancer 3: 541-546, 1949. 

13. Daxron, A. J.; Morris, H. P.; Strrresicn, M. J., and Dusnik, C. 8.: Histologic 

changes in strain C mice following long-term ingestion of thiouracil, J. Nat. Cancer 

Inst. 11: 391-413, 1950. 


X 


fa. 


RESPONSES TO RADIOACTIVE IODINE THERAPY 
IN HYPERTHYROIDISM, WITH SPECIAL 
REFERENCE TO CARDIAC PROBLEMS*ft 


FARAHE MALOOF, M.D.{ anp EARLE M. CHAPMAN, M.D. 


From the Thyroid Clinic and Department of Medicine of the Harvard Medical 
School at the Massachusetts General Hospital, Boston, Massachusetts 


HE preliminary use of radioactive iodine in the diagnosis and treat- 
ment of diseases of the thyroid (1-5) stands out as one of the major 
achievements in medicine in the past decade. The origins and early ex- 
perience with the use of this isotope have been reviewed recently (6, 7). 
Continued experience with this form of therapy has enabled us to observe 
its advantage or disadvantage in patients with varying clinical forms of 
hyperthyroidism. Here we wish to present data gained from treating 330 
such patients with radioactive iodine and especially in treating 47 of them 
who had heart disease or heart symptoms as the chief clinical manifesta- 
tion of their departure from health. 

We seek to evaluate the usefulness of radioactive iodine in the treatment 
of these particular patients whose cardiac problem is the major considera- 
tion. Two objections have been raised to the use of radioactive iodine. First, 
that the length of time needed to control the hyperthyroidism constitutes 
a hazard to the patient’s life; and second, that internal radiation of the 
thyroid causes a release of thyroid hormone and a resultant rise in the 
protein-bound iodine of the serum which would aggravate the existing 
heart disease or even precipitate thyrotoxic crisis. It has been on the basis 
of these fears that some physicians have given antithyroid drugs or iodide 
to patients soon after their therapeutic dose of radioactive iodine. We 
believe that this polypharmaceutical procedure has only obscured the re- 
sults of the radiation therapy and as yet has yielded no precise information. 


HISTORICAL REVIEW 
Parry (8) in 1786, was not only the first to describe the symptoms of 
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exophthalmic goiter, but was the first to make note of a possibly related 
goiter and an enlarged heart. Trousseau (9) in 1863 believed that iodine 
aggravated thyrotoxicosis in most instances and hence was averse to its 
use. One day he gave tincture of iodine by error to a patient with thyro- 
toxicosis and heart failure. The patient improved; in spite of this he 
changed the therapy to tincture of digitalis when he discovered his error. 
The patient became worse. Even this failed to convince him of the thera- 
peutic value of iodine in thyrotoxicosis. 

The modern era of the interrelationship between the thyroid and heart 
disease may be assigned to the studies of- Lahey and Hamilton (10) and 
also Levine (11) who pointed out the difficulty in making the diagnosis of 
hyperthyroidism in the presence of severe heart disease, since often the 
cardiac manifestations overshadow the underlying thyrotoxicosis. The 
usual ophthalmic findings are not present and at times it is difficult to pal- 
pate any enlargement of the thyroid. It was Lahey who proposed the term 
“thyrocardiac”’ for these particular patients. 


METHODS AND MATERIAL 


After careful clinical evaluation of our patients with hyperthyroidism, 
we obtained an assay of the protein-bound iodine of the serum (hereafter 
called PBI) and serial basal metabolic rates (BMR’s). Tracers of radio- 
_ active iodine were given before therapy and the thyroid uptake at the end 
of forty-eight hours was determined (12); in many, the urinary excretion 
of radioactive iodine in this same period or longer was also determined; 
directional counting was performed in those patients suspected of having 
nodular goiters (13). 

The heart disease was evaluated by the physician in charge of the ward 
and the consultants in cardiology, aided by etic and chest 
roentgenograms. 

Many of these patients had previous therapy such as surgery, iodine, or 
antithyroid drugs. Once the diagnosis of hyperthyroidism had been sug- 
gested, the patients were presented before the Thyroid Clinic for discus- 
sion, definitive studies, and decision of the treatment best suited to the 
individual. 

The dosage of radioactive iodine for each patient is still a problem (14) 
but we relied on a dose of 160 microcuries of I'*! (half-life, eight days) per 
estimated gram of tissue, based on an average uptake of 70 per cent. 

In order to assay the biologic reaction to this form of radiation therapy 
we followed most patients closely and obtained the following: 


1. Basal metabolic rates and serum PBI determinations on the second, 
fourth, eighth, sixteenth, thirty-second and sixty-fourth day after 
treatment. 


2 
4 
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. Weekly in vivo measurements of radioactivity over the thyroid area 
for eight to ten weeks after therapy. 
3. Consecutive 24-hour urine collections. 
4. Results of tracer doses of radioactive iodine at intervals after treat- 
ment. 
5. Repeated assays of the cardiac function. 


From Table 1 it may be noted that none of our patients was below the 
age of 40. Hurxthal (15) found little, if any, evidence of cardiac damage 
in thyrotoxic patients under 40 years of age in whom there was no evidence 
of organic heart disease. Thyrotoxicosis usually occurs from four to six 
times as often in the female as in the male; in our small series of 47 patients 
the ratio is about 2 to 1. Five of the patients had nodular goiters; and in 10 
the disease was recurrent after thyroidectomy. It was very difficult at 
times to assess accurately the duration of the thyrotoxicosis, but it ap- 
peared that the illness was of several years’ duration in most of the 


patients. 


TABLE 1. A Group OF 47 PATIENTS WITH PREDOMINANTLY CARDIAC MANIFESTATIONS 
SELECTED FROM 330 PATIENTS WITH THYROTOXICOSIS TREATED WITH RADIOACTIVE IODINE 


47 Patients with Hyperthyroidism and Cardiac Symptoms 


Age—No patient under 40; all but 8 were 50 or older 
Sex—Females, 32; Males, 15 
Type of goiter 


Diffuse 32 
Nodular 5 
Recurrent-postop. 10 


Duration of disease—several years 


In Table 2 we have attempted to classify the types of heart disease 
and have recorded the number of cases of congestive failure occurring 
in each type. Congestive failure did not preponderate in any particular 
type of heart disease. Auricular fibrillation was the most frequent type 
of arrhythmia, and it occurred more often in the patients of the 50-59 age 
group, in whom the heart disease and the degree of toxicity appeared to 
be more severe and of longer duration (Table 3). Congestive heart failure 
occurred in 16 of the 27 patients with auricular fibrillation (Table 3). 


THE CLINICAL RESPONSE OF PATIENTS TO THERAPY 


In these 47 patients with thyrotoxicosis and cardiac symptoms the 
response to treatment is noted in terms of interval of time, the number 
of doses of radioactive iodine required to obtain the response, the total 
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TABLE 2. THE INCIDENCE OF CONGESTIVE FAILURE AND THE TYPE OF RHYTHM 
IN THE DIFFERENT TYPES OF HEART DISEASE 


Rhythm 
Type of heart No. of | Congestive 
disease patients failure Auricular | Paroxysmal 
fibrillation | tachycardia | Regular 
Thyrocardiac* 12 5 8T 1 3 
Hypertensive and 20 12 10 1 | 6 
arterioscler. 

Coronary, with angina 8 5 3 1 4 
Rheumatic 4 2 4 0 0 
Type ?* 3 1 3 0 0 

Total 47 25 28t 6 13 


* Thyrocardiac = patients with no evidence of organic heart disease that could be 
assigned to the usual classification while toxic or when euthyroid. It is difficult to state 
that a 74-year-old patient (Case 25), classified as a thyrocardiac, had no cardiae vascular 
abnormalities, but Maher and Sittler (16) expressed this problem well when they con- 
cluded that ‘thyrotoxicosis brought to the surface latent cardiovascular lesions, which 
resumed their latency on the successful termination of the thyroid toxemia.’”’ Type 
?=patients with definite evidence of organic heart disease, which we were unable to 

Classify. 


t One had auricular flutter. 


TABLE 3. THE INCIDENCE OF AURICULAR FIBRILLATION AND CONGESTIVE HEART 
FAILURE IN THE DIFFERENT AGE GROUPS 


Auricular 
No. of Auricular Congestive fibrillation 
Age group patients fibrillation failure with conges- 

tive failure 
40-49 8 5* 5 4 
50-59 16 14 6 6 
60-69 11 a 8 2 
70-79 11 6 5 3 
80-89 1 0 1 1 
Total 47 28* 25 16 


* One had auricular flutter. 
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dosage of the isotope required, and the effect on the general health of the 
patient during the response period (Table 4). Our failures are considered. 
In no instance was a patient made worse by treatment. 

As can be seen from Table 5, after a single dose 21 patients were rendered 
euthyroid in a time interval extending from one to twelve months; 17 of 
these 21 responded within four months; 5 became myxedematous within 
four months, and 4 remained toxic (Cases 9, 29 and 40).! 


TaBuy 5. THE RESPONSE TO 1, 2 AND 3 DOSES OF RADIOACTIVE IODINE 


Euthyroid 
Doses | Still . Myx- | Total 
(No.) | toxic | 1 mo. | 2 mos. | 3 mos. | 4 mos. | 6 mos.| 1 yr. | edema 
4 5 2 2 5 30 
2 3 3 1 1 1 9 
3 2 1 1 4 
Total 9 | | | 28* | | 6 43 


5 died: A—(J.C., 19 days after treatment (R); A.L., 5 wks. after R; R.L., 5 yrs. after 

R.) B—(F.B., 2 yrs. after R.) C—(I.F., 6 mos. after R.) 
* Four other patients responded, but we are unable to determine the exact time, 
_interval required to reach the euthyroid state. 


After a second dose, 5 patients became euthyroid over a period of from 
two to six months, 1 became myxedematous in six months, and 3 remained 
toxic. Of the latter 3, one (Case 4) refuses further therapy and is busy 
managing her store; another (Case 12) has a normal basal metabolism but 
an elevated serum PBI and 48-hour tracer uptake, and is fibrillating slowly; 
the third (Case 36) has just been given a third dose.” 

After a third dose of radioactive iodine, 2 patients became euthyroid in 
two and three months, respectively, and 2 remained toxic (Cases 24 and 
46). 

In all, 38 of these 47 patients became euthyroid or hypothyroid. Nine 
patients were still toxic after treatment; after one dose, 3 of the 4 who did 
not respond died while still toxic; after two doses, 2 refused further 
therapy and 1 has just been given a third dose’; after 3 doses, 1 had a slight 
response, and the other (Case 46), was considered as a complete failure 
and has recently had a subtotal thyroidectomy (Fig. 6). 

No patient has been given more than three doses, and the largest single 


' Hereafter only patients with numbers are included in the cardiac series; the others 
are among the 330. 


2 This patient has been considered as having had 2 doses in this report (see Table 4). 


rie 
= 
Bet 


Volume 11 


FARAHE MALOOF AND EARLE M. CHAPMAN 


1304 


dose of radioactive iodine given has been 15 millicuries. The largest total 
dose given was 40.4 millicuries (Case 46). The longest interval over which 
one of these patients has been followed and treated without becoming 
euthyroid and yet responding in part and able to work has been in patient 
E.DeC. (Case 24), whom we have followed since August 1948.° 

Deaths in the course of the disease have numbered 5. Patient J.C. 
(Case 9) had severe congestive failure while in the hospital and was 
markedly improved after radioactive iodine therapy. However, three 
weeks after returning home she disregarded our advice to rest during the 
average response period of two months and had a fatal coronary occlusion 
while hanging curtains. Patient A.L. (Case 47) lived in Western Massa- 
chusetts and was still severely thyrotoxic in spite of four partial thyroidec- 
tomies. Four weeks after radioactive iodine therapy, while ill with a respira- 
tory infection, she travelled 150 miles to the Clinic for her regular check-up; 
she should have been hospitalized but she returned home and died of 
pneumonia and heart failure a week later in a local hospital. Patient R.L. 
(Case 29) had three thyroidectomies over a period of twenty-two years 
and had taken iodine irregularly without benefit. Agranulocytosis had de- 
veloped while she was taking thiouracil. After treatment with radioactive 
iodine (I'*°) in December of 1945, she was greatly improved and was able 
to withstand an episode of pneumonia in 1948. Despite several normal 
BMR’s her serum PBI in 1950 was 10.5 gamma per cent and a tracer 
uptake was 65 per cent in forty-eight hours. Althoug' she protested in 
1950 that she was well and worked regularly, she die:! 0: causes unknown 
in another hospital in 1951. Patient I.F. (Case 16), a: .verely hypertensive 
72-year-old female, responded to treatment in four months and died from 
a cerebrovascular accident two months later. Patient F.B. (Case 17) died 
two years after therapy; she had great relief from angina and became 
euthyroid in three months; her metabolic rates were persistently high, 
yet repeated PBI’s were normal; she had a normal 48-hour tracer uptake 
four weeks before her death from coronary occlusion. Her case is discussed 
in detail in Cabot Case #36471 (17). 


Response of the arrhythmia and congestive failure to therapy 


Consideration of the general well being of the patient includes the cardiac 
status. Plummer (18) in 1925 stated that, although digitalis helped to 
alleviate congestive failure in thyrotoxic patients, it was toxic to the 
central nervous system and caused cerebral edema. He believed that this 
occurred without over-digitalization, especially in the older patients. Ler- 


’ Given a fourth dose of 11 me. on June 15, 1951 (total, 39 me.), and has responded. 
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man and Means (19) found the incidence of auricular fibrillation to be 11.5 
per cent in thyrotoxic males and 6.8 per cent in thyrotoxic females. They 
believed that this sex difference may not have been real because there 
was a difference in age sampling. Hamilton (20) said that only a few pa- 
tients with established auricular fibrillation would revert to a normal 
rhythm when euthyroid. Means (21) concluded that either paroxysmal 
or long continued auricular fibrillation usually disappeared with the 
termination of the thyrotoxicosis. Griswold (22) stated that the one 
phenomenon that may not revert to normal (with operation alone) in the 
majority of cases was auricular fibrillation. 

In our experience we have seen cardiac symptoms persist in spite of 
therapy with the antithyroid drugs and iodide that had apparently ren- 


TABLE 6. THE RESPONSE OF AURICULAR FIBRILLATION IN 27 THYROTOXIC PATIENTS TO 
TREATMENT WITH RADIOACTIVE IODINE. (WHEN 12 OF THESE 27 PATIENTS BECAME 
EKUTHYROID THE RHYTHM REVERTED TO NORMAL WITHOUT THE USE OF QUINIDINE. THE 
15 PATIENTS WHO STILL HAD FIBRILLATION WERE EITHER STILL TOXIC, OR HAD SEVERE 
ORGANIC HEART DISEASE.) 


Still toxic, and still Euthyroid, and no Euthyroid, and still 
fibrillating fibrillatio fibrillating 


7 


dered the patient euthyroid. Patient W.H. (Case 38) had angina at a time 
when he was supposedly euthyroid during long continued treatment with 
propylthiouracil. Since radioactive iodine therapy, his angina has practi- 
cally disappeared. Patient P.S. (Case 36) had congestive heart failure with 
a BMR of —8 per cent while taking propylthiouracil and digitalis. 

In our series of 27 patients with auricular fibrillation, the use of digitalis 
with other cardiac measures helped to alleviate the congestive failure and 
caused a decrease in the ventricular rate to about 100. However, it has 
seldom been possible to reduce the ventricular rate below 90 in these 
patients. It is difficult to define digitalis sensitivity or toxicity but we 
have repeatedly observed digitalis intoxication from attempts to force 
the rate down below 100 by giving more digitalis. 

From Table 6 it may be seen that in 12 of 27 patients with auricular 
fibrillation the cardiac rhythm reverted to normal after radioactive 
iodine therapy in from one to six months—all without the use of quinidine. 
In patient R.C. (Case 30) the auricular fibrillation was converted to a regu- 
lar rhythm only temporarily by quinidine before treatment with radioac- 
tive iodine. Patient J.M. (Case 37), with auricular flutter, has had no 
further arrhythmia since becoming euthyroid. We believe that an impor- 
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Fig. 1. The response of auricular fibrillation in a thyrotoxie patient (Case 19) to 
treatment with radioactive iodine only. Persistent auricular fibrillation in spite of nor- 
mal BMR’s, and reversion of the irregularity to a normal rhythm only when the serum 
PBI was normal. 


tant guide to the problem of fibrillation is the serum PBI. An example 
of this may be seen in Figure 1. The restoration of regular rhythm occurred 
only when the PBI became normal. Among 7 (of the 27) patients with 
persistent toxicity and fibrillation, 2 (Case 4 and Case 29) had normal 
BMR’s but elevated PBI’s. Eight (of the 27) whose auricular fibrillation 
persisted, even when they were euthyroid, had severe organic heart disease. 
One patient of the 8 (Case 23) with rheumatic heart disease and thyrotoxi- 
cosis as a result of a single hyperfunctioning nodule entered our emergency 
ward nine times in one year with congestive failure in spite of digitaliza- 
tion. Since becoming euthyroid after radiogctive iodine therapy she has 
been in the hospital once because of a respiratory tract infection and 
fear of heart failure. In our experience, persistent auricular fibrillation 
indicates either continuing hyperthyroidism or severe underlying organic 
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heart disease necessitating digitalis and other measures to control heart 
failure. 


Angina pectoris 


Mobius (23) in 1896 mentioned that angina pectoris was rarely present 
in patients with thyrotoxicosis. Haines and Kepler (24) stated that “the 
frequency of the association is slightly higher than is ordinarily supposed, 
for it is very easy to overlook angina pectoris in the presence of severe hy- 
perthyroidism, or mild hyperthyroidism in a patient with angina pectoris.”’ 

In all 8 of our patients with angina pectoris, this disability either dis- 
appeared completely or was greatly ameliorated when the hyperthyroidism 
was controlled. Patient F. B. (Case 17; Cabot Case #36471) has been re- 
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Fig. 2. The course of a 67-year-old male patient (Case 41) with angina decubitus and 
malignant exophthalmos, treated with radioactive iodine. See text for details. 


ferred to previously. In Patient W.H. (Case 38) angina developed while he 
was taking propylthiouracil (300 mg. daily); he had been taking it for 
two years, during which time. he was supposedly euthyroid. Six months 
after his treatment with radioactive iodine he was practically free of 
angina. Patient P.K. (Case 41) merits a detailed discussion. His course 
may be seen in Figure 2. In spite of his severe angina, the thyrotoxicosis 
was not overlooked. Briefly, his history is as follows: 


This 67-year-old white retired male was admitted to the Massachusetts General 
Hospital in April of 1949 with a diagnosis of angina decubitus, of one week’s duration. 
He claimed to be well except for mild exertional dyspnea for five months, and symptoms 
suggesting thyrotoxicosis for two months. Upon direct questioning, he admitted that his 
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eyes teared and burned and that occasionally he had diplopia, but he felt that the promi- 


nence had been present for years. 

Physical examination revealed a nervous, hyperactive individual with evidence of 
obvious weight loss. His pulse was 108 and was regular. Blood pressure was 120/70 
(190/108 during a severe attack of angina). The skin was warm, moist and velvety. 
Examination of his eyes revealed definite exophthalmos (27.5 mm. bilaterally by Hertel 
measurement), a great deal of puffiness of the lids, chemosis, engorgement of the lateral 
canthal vessels, ophthalmoplegia with impairment of gaze in all directions and marked 
loss of orbital resiliency. There was no papilledema. The thyroid was low-lying and 
difficult to delineate. However most observers believed that it was twice to three times 
normal size. The lungs were clear. There was a Grade II systolic murmur heard at the 


apex. There were no signs of heart failure. 


The next question in this case was therapy. Because of the severe angina, 
it appeared that immediate control of thyrotoxicosis was imperative. 
However, the condition of his eyes was such that we feared it might be 
aggravated if his metabolism went below normal. His eye problem was 
so acute at this time that orbital decompression was considered, but the 
cardiologists advised that surgery was definitely contraindicated. He was 
treated with radioactive iodine. His course was interesting from several 
standpoints: 1) The partial response of the BMR to the first dose of 
radioactive iodine with definite partial alleviation of his angina and in- 
crease in his proptosis by Hertel measurement (though his eyes were not 
symptomatically worse). 2) The subsequent response of the BMR to 
potassium iodide, followed by a rise which may have been due to a de- 
crease in the dosage to 1 drop per day. It was difficult to judge just what 
helped to relieve his angina at this time, for he received an alcohol block 
of T! and T? (by Dr. James C. White) with immediate relief lasting for 
five months. However, as the effect of the block seemed to wear off, his 
angina again increased even though his basal metabolic rate was about 
—20 per cent while he was taking potassium iodide. X-ray treatment to 
his orbits was suggested by Dr. Scowan of England and was given without 
apparent benefit to his eyes. When hospitalized before his second dose of 
radioactive iodine, his BMR was normal though the other two indices 
of thyroid function were elevated. Within one week after the second dose 
_ of the isotope his angina decreased in frequency and severity of attacks. 
An appendectomy was performed eight months later and he suffered no 
increase in his angina aftér the operation. 

_ We should like to say a few words about his eyes, which presented such 
a problem. It should be noted that his proptosis had steadily increased 
after his first therapeutic dose of radioactive iodine. It is most interesting 
that in spite of the fact that he is somewhat hypothyroid at present 
(and no desiccated thyroid therapy has been given), his proptosis has not 
continued to increase and his eyes are better by symptom and sign. 
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Response of toxic nodular goiters 


Crile et al. (25) and Richards et al. (26) from the Crile Clinic have re- 
ported on a series of cases of nodular goiters with hyperthyroidism treated 
with radioactive iodine. They believed that this isotope can control the 
hyperthyroidism in these cases but that large doses of radioactive iodine 
are needed. Crile believed that the decreased response in these patients 
might be due to: 1) ‘‘The presence of a large amount of colloid in which the 
15! lost itself and was unable to irradiate the cells; or 2) variability in the 
activity of the different nodules, and as the more active nodules became 
controlled the less active ones took on more function.” On the contrary, 
Gordon et al. (27) believe that nodular goiters with hyperthyroidism re- 
spond as well as diffuse goiters. 

We have observed the response of toxic nodular goiters to radioactive 
iodine in 5 of our group of 47 patients. However, in only 3 patients (Cases 
23, 25 and 44) was hyperfunction of the nodules definitely proved by the 
use of directional counting. Patients C.C. (Case 23) and W.H. (Case 
44) were each thought to have a single nodule which was producing 
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Fig. 3. The response to radioactive iodine of a multinodular goiter causing thyro- 
toxicosis (Case 25). A hyperfunctioning 4-cm. nodule in the left upper pole decreased to 
about one fourth of its original size, and the goiter as a whole decreased to some degree 
after therapy. There has been no recurrence of the auricular fibrillation. 
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the hyperthyroidism. The first patient gradually responded over a period 
of one year to a single dose of 10.0 millicuries of radioactive iodine. A brief 
description of her course has been given previously. The second patient 
has only recently been treated and hence no evaluation is possible at 
present, although the serum PBI is normal (Fig. 9). The course of Patient 
S.W. (Case 25) is worthy of some detail and may be seen in Figure 3. 
She was 74 years old and had an enlarged thyroid for at least forty years. 
There had been no recent enlargement. She entered with a chief complaint 
of palpitation and it was only after direct questioning that a few symptoms 
suggestive of hyperthyroidism were elicited. Physical examination revealed 
a large multinodular goiter (6 x) and no eye signs. During the course of 
observation and before therapy, auricular fibrillation was noted which 
reverted spontaneously to a normal rhythm. The laboratory data are as 
depicted. It should be noted that the large 4-cm. nodule in the left upper 
pole of the thyroid had at least twice the activity of any other area in the 
gland. The number of counts in this nodule is what we have seen in other 
hyperplastic nodules in patients given 500 microcuries of radioactive iodine 
as a tracer. She became euthyroid in two months and has been completely 
asymptomatic for eighteen months. Auricular fibrillation has not recurred. 


@& 
4 


Right lobe Left lobe Right lobe Left lobe 


Fic. 4. Homologous sections of tissue and autoradiograph of a multinodular goiter 
with hyperthyroidism treated with radioactive iodine and removed surgically fourteen 


months later. See text for details. 
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The size of the gland has decreased. The “hot nodule” on the left has 
decreased in size 75 per cent and the activity in this nodule decreased by 
about 50 per cent. The activity in the other nodules increased slightly, 
suggesting that they are taking on more function. In this patient, any 
increased activity in the other nodules appeared to be a slow process and 
did not interfere with her response. We shall continue to observe these 
changes with great interest. Of the 2 remaining patients, A.W. (Case 27), 
an 85-year-old female, responded to a total of 26 millicuries (2 doses); 
and R. W. (Case 32) responded to a single dose of 10.0 millicuries (Table 4). 

In the total series of 330 patients, we have treated few toxic nodular 
goiters (12 at the most) with radioactive iodine and then only because 
surgery was refused or contraindicated. The reason for this is obvious in 
Figure 4. In brief, patient R.P. presented herself with the classic symptoms 
of thyrotoxicosis and a multinodular goiter. One of us (Chapman) re- 
quested that a thyroid biopsy be performed before radioactive iodine 
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Fig. 5. The amount of retained radioactive iodine (therapy dose) in the thyroid gland 
as determined by weekly in vivo measurements over the neck. Though the biologic 
half-period was the same and the number of roentgens equivalent physical delivered to 
the thyroid (see Table 7) was approximately the same, the response was completely 
different. 

a. (left)—Good response (Patient S.W., Case 25). 

b. (right)—Little or no response (Patient E.DeC., Case 24). 

Tx = biologic half-period = the time necessary for one half of the stable iodine, which 
is labelled with the radioactive iodine, to leave the thyroid. 

Ti2= observed half-period 
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treatment. No evidence of malignancy was found in tissue removed from 
the nodule in the right lobe of the thyroid. She was treated with 8 milli- 
curies of radioactive iodine and was estimated clinically to be much better 
over the course of one year. However, because of the persistent large nodule 
in the left lobe and mild thyrotoxicosis, the members of the Thyroid 
Clinic favored operation. She was given a tracer of radioactive iodine and 
two days later was started on saturated solution of potassium iodide, 
which she took for twelve days. At the end of this time a subtotal thyroidec- 
tomy was performed. The large nodule from the left lobe was found by 
autoradiograph study (Dr. B. Dobyns) to take up no iodine and by histo- 
logic study to be a papillary adenocarcinoma. Because of this experience we 
no longer treat toxic nodular goiters with radioactive iodine but advise 


thyroidectomy. 


Failure of radioactive iodine therapy 

It is very difficult to define what constitutes a failure in therapy. Should 
the lack of response to one dose be called a failure? Feitelberg et al. (28) 
feel that such a classification is illogical. However, from Table 5 the reader 
may estimate for himself the number of failures. 

When one considers the crude method by which we estimate the dosage 
required to treat patients with thyrotoxicosis, it is no wonder that we 
are not always able to render these patients euthyroid with one dose. There 
have been various methods used for estimation of the proper dosage: 1) 
the estimated size of the goiter, 2) consideration of the uptake of radio- 
active iodine by the thyroid at 24-48 hours, 3) attempting to give a 
certain number of microcuries per estimated gram of tissue, and 4) esti- 
mating the dosage on the basis of attempting to deliver a specified number 
of roentgens equivalent physical. 

All of these methods are liable to criticism, especially when we agree 
that the estimation of goiter size may be in error by at least 50 per cent 
and that the distribution of the radioactive iodine in the goiter is not 
always homogeneous. Fitzgerald (29) and Kelsey, Haines and Keating (6) 
demonstrated a patchy distribution of the retained radioactive iodine in 
the normal and the hyperplastic thyroid, respectively, and concluded 
that this may explain the variability of response to the same dose of this 
isotope. 

Figure 5a (Case 25) and Figure 5b (Case 24) depict the amount of re- 
tained radioactive iodine in the thyroid gland after therapeutic doses, 
which in each case delivered approximately the same number of roentgens 
equivalent physical (reps.). The responses of the 2 patients were quite 
different (Table 7). Patient S.W. (Case 25) made a normal response in 
two months; patient E.DeC. (Case 24) is still toxic. Following the thera- 
peutic dose of radioactive iodine we made weekly in vivo measurements 
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TABLE 7. THE RELATIONSHIP OF THE ESTIMATED RADIATION TO THE THYROID GLAND 
(R.E.P.), THE BIOLOGIC HALF-PERIOD AND THE RESPONSE OF 8 PATIENTS 


TREATED WITH RADIOACTIVE IODINE 


Radioactive iodine 


Esti- 


mated 48- | mated 
Case | Age! Sex weight hr. Biologic radia- Response 
of thy-| Dose | pyore_| _half- 
roid | (me) tice period | to the 
(Gm.) (%) | in days thyroid 
(R.E.P.) 


11,700 
13,600 


Euthyroid in 2 mos. 
No response. See Fig. 5b. 
11,000 | Moderate response— 
still toxic and needed 
2nd dose. 


A.M. 32 | F 50.0 | 8.0] 19.0 9.7 | 15,800 | Euthyroid in 3 mos. 

L.R. 54 | F 40.0} 11.0| 14.1 | 21,800 | Euthyroid in 2 mos. 

M.S. 48 | F 75.0 | 10.0} 5.0| 13.0 | 14,800 | Euthyroid in 4 mos. 

E.W. 50 | F 70.0 | 10.0 | 28.0] 23.8 6,900 | Good response: BMR 
+12%, 21 mos. after 
therapy. 

S.W., 74) F 65.0 | 12.0 | 27.0 | 50.0 15,500 | Euthyroid in 3 mos. 


See Fig. 5a. 


over the thyroid of some of our patients for from eight to ten weeks. 
From these data** the calculation of the dosage rate to the thyroid was 
made by means of the following formula (30): 


R=62XCXE 

R=roentgens equivalent physical per day. 

C =microcuries per estimated gram of thyroid tissue. 
E=average energy of the beta ray =0.205 mev. 


The total dose was determined by graphic integration of the dose rate. 
After correcting for physical decay, the biologic half-period was deter- 
mined from that portion of the curve which was exponential. Some of the 
curves were not exponential in the first ten days (? radiation effect). There 
was no consistent relationship between the number of roentgens equivalent 
physical delivered (6,930 to 21,800), the biologic half-period, and the 
response (Table 7). 

Other factors have been investigated in attempting to understand the 


38 We are indebted to Dr. G. L. Brownell for the analysis of these data. 


Esti- 

341 F | 100.0] 10.0| 933.5 

E.DeC.,| 55 | M | 65.0] 9.0] 8.0} 50.0 

Case 24 
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patients who may fail to respond to treatment. W.M.L. (Case 46)‘ is a 
patient in whom therapy was considered to have been a complete failure. 
This 46-year-old woman required 400 mg. daily of propylthiouracil over 
a period of five months to reduce her BMR and then refused operation. She 
was treated with 2 doses (total 26.8 millicuries) of radioactive iodine and 
failed to respond. Figure 6a depicts the retained labelled iodine in the 
thyroid area after a tracer dose of the isotope. The biologic half-period 
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Fig. 6. The analysis of in vivo counting over the thyroid gland following a tracer of 
radioactive iodine given to Patient W.M.L. (Case 46) with Graves’ disease who made 
no response to treatment with radioactive iodine. The activity was corrected for the 


physical decay. See text for details. 


was very rapid at 2.9 days. This is the smallest biologic half-period that 
we have observed. This factor may be important in her failure to respond. 
We calculated the disappearance rate of iodide from the blood and found 
it to be 188 per cent per hour (Fig. 6c). The disappearance rate of iodide 
from the blood in our euthyroid patients is about 12 per cent per hour 


4 We are indebted to Dr. J. Lerman for permitting us to study this patient. 
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and in the usual thyrotoxic patient is about 40-72 per cent per hour. The 
disappearance rate was calculated with the collaboration of Dr. Gordon 
L. Brownell (31). The patient was then treated for the third time with 13.6 
millicuries of radioactive iodine, to which she made no response over a 
three-month period. Propylthiouracil was then given again and in eight 
months her basal metabolic rate became normal. Before her subtotal 
thyroidectomy the studies in Figure 6 (b and d) were carried out. Propyl- 
thiouracil was stopped six days before the tracer dose was given and Figure 
6b shows that the biologic half-period was still rapid at 4.0 days. The 
disappearance rate of iodide was now 80 per cent per hour (Fig. 6d). His- 
tologic study of the thyroid following surgery revealed very little evidence 
of thyroid destruction. A detailed report on the histologic changes in the 
thyroid following radioactive iodine therapy in humans is in press (82). 


Potential effects from the radiation 


In 1948 Soley and Miller (33) reported a rise in the serum PBI from 
four to ten days after radioactive iodine treatment of patients with 
Graves’ disease. They mentioned that in severe hyperthyroidism ‘large 
doses of radioactive iodine may even precipitate a serious exacerbation.” 
Riggs (34) also reported a rise in PBI from a level of 16.2 to 23.0 gamma 
per cent in a patient of ours with Graves’ disease after treatment with, this 
isotope. He mentioned no exacerbation of the thyrotoxic state in this 
patient and indeed this did not occur. At this time Dr. J. Lerman of our 
Clinic suggested that the rise in the PBI following radioactive iodine ther- 
apy may have been due to the release of thyroglobulin (noncalorigenic) 
into the circulation. 

We have obtained frequent determinations® of the PBI after treatment 
with radioactive iodine. From Figure 7 it may be seen that most of the 
patients treated showed a steady decline in the measurable circulating 
hormone. One patient (Case 31) who, before radioactive iodine treatment 
had auricular fibrillation and paroxysms of a rapid ventricular rate in 
spite of digitalis, showed a ventricular rate of 180 on the twelfth day after 
radiation therapy. The physician in charge believed that this disturbance 
of rhythm was due to a rise in the PBI and so immediately started therapy 
with potassium iodide. However, we secured a sample of blood on the 
very day of this episode before the potassium iodide was given and found 
no change in the level of the circulating hormone. In the 2 patients (T. 
Mel. and M.G.) who showed a rise in the PBI, there was no exacerbation 
of symptoms, although 1 (M.G.) remained toxic. 

Does the administration of an antithyroid drug before therapy with radio- 


> We are indebted for these determinations to Mrs. Dorothy Pratt, Miss Eleanor 
Brown and Mrs. Laura Breslouf. : 
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Fig. 7. The protein-bound iodine of the serum before and after therapy with radio- 
active iodine. A definite rise in the PBI ten days after therapy, but without aggravation 
of the thyrotoxic symptoms, was noted in 2 patients (T.McL. and M.G.). In Patient 
E.W. (Case 31), who was fibrillating, a rapid ventricular rate developed on the twelfth 
day of therapy; no rise in the PBI was noted. See text. 

¥ =rapid ventricular rate. 


active iodine or the administration of iodide after such treatment prevent 
an exacerbation of the thyrotoxicosis? Williams et al. (35) feel that these 
agents do prevent a possible exacerbation. This is a very difficult question 
to settle but we are not sure that there has been an exacerbation of the 
thyrotoxic state after radioactive iodine therapy. Although our series is 
small, we have not been impressed with the difference in response in pa- 
tients who were rendered euthyroid by. pretreatment with antithyroid 
drugs and those who received no medication before radioactive iodine 
treatment. In our Clinic we have seldom used iodides after radioactive 
iodine therapy because our aim has been to assess the therapeutic value 
of radioactive iodine alone. Chapman et al. (36) felt that there was no 
difference in the response with or without added potassium iodide follow- 
ing radioactive iodine (1*°—12-hour half-life) treatment. 

Stenstrom and Marvin (37) and also Freedberg and Buka (38) found 
that the administration of stable iodine -following a therapeutic dose of 
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Fig. 8. The change in the urinary excretion of treatment doses of radioactive iodine 
after the addition of iodide, at (a) 2 hrs. (b) 48 hrs. (¢) 72 hrs. (d) 96 hrs. (e) 120 hrs., 
and (f) with no added iodide. 

a. A definite increase in the excretion of radioactive iodine. The 48-hour excretion of 
a tracer and a treatment dose of radioactive iodine usually agree fairly well. 

b. No increase in radioactive iodine excretion. 

c, d, e. Suggestive increase in radioactive iodine excretion. 

f. Suggestive increase in radioactive iodine excretion in 1 “control” patient (D.D.). 
See text for explanation. 


radioactive iodine in thyrotoxic patients caused an increase in the excretion 
of the isotope. Freedberg felt that this increased excretion of the radio- 
active iodine was much less if the stable iodine was given seventy-two 
hours rather than twenty-four hours after the radiation therapy. We have 
administered saturated solution of potassium iodide to patients, two, forty- 
eight, seventy-two, ninety-six, and one hundred and twenty hours after 
radioactive iodine treatment in order to observe any change in the serum 
PBI or in the urinary excretion of this isotope. No positive statement 
can be made as to the differences in the clinical response in these patients. 
In this series there was definite evidence that iodide given two hours® 
after the therapy dose caused a marked increase in the urinary excretion 
of radioactive iodine when we compared the excretion of the therapy dose 
with the previous tracer (Fig. 8a). It has been found that the 48-hour 


6 Observations in collaboration with Dr. Richard E. Goldsmith led us to believe that 
most of the radioactive iodine in the thyroid was protein-bound at two hours. 
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Fic. 9. The protein-bound iodine of the serum before and after therapy with radio- 
active iodine and added iodide (for one month). Note gradual rise in the PBI over a 
period of one month (especially in Patient H.D.) and noticeable drop in the PBI within 


one week after stopping KI. 


urinary excretion values of radioactivity for tracer and therapeutic doses 
have been in close agreement when no iodide is given after the therapeutic 
dose (39). The evidence from Figure 8c, 8d,’7 and 8e’ suggests that iodide 
given at seventy-two, ninety-six, and one hundred and twenty hours 
after therapy with radioactive iodine caused an increased urinary excre- 
tion of the isotope. The iodide given at these time intervals after the 
therapeutic dose may prevent the thyroid from re-utilizing the radioactive 
isotope. Unfortunately, we have neither coincidental in vivo measurements 
over the thyroid gland nor blood radioactive iodine studies to clarify this 
point. There is no rise in the excretion curve in Figure 8b, where iodide 


7 Previously reported by Chapman and Evans (14). Reproduced by courtesy of 
Medical Clinics of North America. 
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was added forty-eight hours after the therapeutic dose. One of our “‘con- 
trol” patients (D.D., Fig. 8f) with no added iodide after 9 millicuries of 
radioactive iodine treatment, had a rise in the excretion of the isotope on 
the fifth day after therapy. This may have been due to a marked radiation 
effect. with subsequent impairment of the thyroid’s ability to re-utilize 
iodide; myxedema developed in this patient two months after treatment. 

We have noted a rise in the serum PBI after radioactive iodine treat- 
ment and added potassium iodide in 3 cases (H.D.; W.H., #44; and 
W.M.L. #46). This change is depicted in Figure 9 in 2 of the patients 
(Cases H.D. and W.H. #44). In Patient H.D. there was a noticeable 
drop in the PBI within one week after the discontinuation of iodide; 
her PBI was normal two weeks later. In all 3 patients, while taking the 
iodide, there was a rise in the PBI even though the BMR and the symp- 
toms and clinical evidence for toxicity were diminishing. This confusing 
paradox may be explained on the basis of studies carried out by Danowski 
(40) who noted a rise in the PBI, without any other evidence of thyrotoxi- 
cosis, in normal patients given iodide. We do not believe that this phe- 
nomenon is caused by the radiation effect for two reasons: first, Riggs 
et al. (41) have noted a rise in the serum PBI after administering iodide to 
thyrotoxic patients who were not given radioactive iodine; second, the 
time interval for the change in the PBI is different after the administra- 
tion of radioactive iodine alone and after radioactive iodine and added 
iodide (Figs. 7 and 9). In all these observations, the serum was washed 
twice as many times as was customary to eliminate any iodide. On the 
basis of the lack of evidence that there is any benefit to be derived from 
the practice, we are now reluctant to administer iodide as a possible addi- 
tive therapeutic agent following radioactive iodine treatment. 


SUMMARY 


Radioactive iodine is useful in the treatment of patients in whom heart 
disease is the chief manifestation of their hyperthyroidism. Such patients 
however, should follow the general medical measures for any other patient 
with heart disease, especially during the period of response, which is 
usually from two to four months. Because of the possibility of malignant 
disease being present in nodular goiters and despite the observed good 
response to radioactive iodine therapy, we now advise thyroidectomy for 
most toxic nodular goiters. 

Radioactive iodine has been effective in causing abnormal cardiac 
rhythm to revert to normal without the use of quinidine. Continued auricu- 
lar fibrillation after radioactive iodine therapy has indicated either: 


1) Continued thyrotoxicosis—even with dissociation of the indices of 
thyroid function, or 
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2) Severe organic heart disease, which usually requires digitalis and 
other measures in order to control cardiac failure. 


The usual response to therapy with radioactive iodine is a progressive 
decline in the PBI of the serum. This decrease is an important guide in 
treating hyperthyroid patients with heart disease. Aggravation of heart 
disease or of the thyrotoxic state has not been observed to follow radioac- 


tive iodine therapy. 
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THE STUDY AND TREATMENT OF 119 CASES OF 
CARCINOMA OF THE THYROID WITH 
RADIOACTIVE IODINE*ft 


BROWN M. DOBYNS, M.D., Px.D.t 
anp FARAHE MALOOF, M.D.§ 


From the Thyroid Clinic and the Department of Surgery of the Massachusetts 
General Hospital and Harvard Medical School, Boston, Massachusetts 


INCE the time when radioactive iodine was first shown to be collected 

by thyroid tissue, the possibility of the collection of this radiation- 
producing substance by cancer of the thyroid has been under considera- 
tion (1). Investigation has subsequently been made on the uptake of radio- 
active iodine by various thyroidal tumors and particularly those carci- 
nomas of the thyroid which have spread beyond the limits of complete 
surgical excision (1-28). 

This report concerns 119 patients with carcinoma of the thyroid who 
have been studied with radioactive iodine at the Thyroid Clinic of the 
Massachusetts General Hospital for the past six years. 

The purpose of this publication is to summarize some of the information 
that has been collected: 1) the uptake of radioactive iodine by carcinomas 
of the thyroid, 2) the means by which the uptake may be increased, 3) 
the therapeutic application in patients, and 4) the results of radiation 
not only in the malignant tissue but in other tissues of the body. 


PLAN OF INVESTIGATION 


During the course of study the following plan of investigation evolved. 
After a general clinical evaluation of patients with nodular goiter, tracer 
doses of radioactive iodine were given. Forty-eight hours later, in vivo 
directional counting (19) of the nodules in the thyroid gland was carried 
out and the body surveyed to detect any aberrant concentrations of radio- 


Received for publication July 13, 1951. 

* Read at the Annual Meeting of the American Goiter Association, Columbus, Ohio, 
May 26, 1951. 

This article will be included in the bound volume of the ‘Transactions of the Ameri- 
can Goiter Association” published by Charles C Thomas, Publisher, which will be avail- 
able for sale early in 1952. 

+ Aided by a Grants-In-Aid from the American Cancer Society, and from the Atomic 
Energy Commission, and by an institutional grant to the Massachusetts General Hos- 
pital from the American Cancer Society. 

t Present address: Dept. of Surgery, Western Reserve University, Cleveland, Ohio. 

§ Public Health Research Fellow of the National Cancer Institute. 


1323 


4 
Rahs, 


1324 BROWN M. DOBYNS AND FARAHE MALOOF Volume 11 


active iodine. Shortly thereafter, at the time of the operation, a pathologic 
diagnosis was made. If carcinoma was encountered, complete surgical 
excision of the disease in the neck was attempted. If this was impossible, 
an attempt was made to remove all normal thyroidal tissue. The complete- 
ness of this procedure was determined in many cases by applying a Geiger- 
Mueller counter before the surgical wound was closed. The purpose of 
moving all normal thyroidal tissue will be described subsequently. The up- 
take of radioactive iodine in the tumor and in available metastatic tissue 
was determined by digestion and counting, and by radioautographs. 

In those patients suspected of having carcinoma of the thyroid and 
those subsequently found to have it, the following studies were made: 
diagnostic x-ray examinations of the bones and lungs; protein-bound iodine 
and cholesterol of serum; total protein, calcium, phosphorus and alkaline 
phosphatase of the blood; and functional tests of the kidney and liver. 
These observations were all made for the purpose of making comparisons 
with subsequent changes that might take place during the course of study 
and treatment. 

At intervals following the surgical procedure, tracer doses of radioactive 
iodine were given: first, to confirm total excision of normal thyroidal tissue, 
and second, to check any changes which may have been taking place in 
the functional capacity of local or distant metastases. If the studies with 
radioactive iodine revealed that small amounts of normal thyroidal tissue 
remained after the operation, a dose of 25 to 50 millicuries of the isotope 
was given to destroy the remnant. 

If the various observations indicated an increase in the uptake of radio- 
active iodine in the metastases following total ablation of the normal 
thyroidal tissue and if this increase was regarded as sufficient to be of 
therapeutic value, large doses of radioactive iodine were given. 

As time passed, many of the patients showed little or no uptake of radio- 
active iodine in their metastases. Some of these patients were given 
various antithyroid drugs in an effort to initiate or to increase the uptake 
of this isotope. These results will be discussed subsequently. 

Owing to a variety of circumstances, there have been variations in the 
method of study which has just been outlined. Some of the patients were 
first seen before any form of therapy had been given; however, many were 
referred to our clinic for study after various surgical procedures or X-ray 
therapy. 

The observations on some of the patients do not lend themselves to a 
complete and critical analysis of the use of radioactive iodine in the 
treatment of carcinoma of the thyroid for the following reasons: 1) The 
malignant disease was localized and was completely removed by surgical 
excision. In such cases further study was only for the purpose of surveil- 
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lance. 2) Extensive and rapidly growing disease caused the death of the 
patient before the usual sequence of studies could be made. 3) Some 
patients have not been completely followed owing to circumstances 
beyond our control. 


RESULTS 
Classification of carcinoma of the thyroid 


Carcinomas of the thyroid are difficult to classify because of the vari- 
ability of the histologic pattern within the tumor. Differences in the char- 
acter of various metastases within the same individual also complicate the 
problem. In this study an attempt has been made to classify the various 
carcinomas after reviewing many microscopic preparations and directing 
special attention to the presence of colloid formation. The importance of 
the formation of colloid will be pointed out in the discussion of the uptake 
of radioactive iodine by various types of tumors. The 119 cases that have 
been studied are classified in Table 1. 


TABLE 1. CLASSIFICATION OF 119 CASES OF CARCINOMA OF THE THYROID 


Follicular 27 
Follicular and papillary 28 
Papillary 22 
Anaplastic and solid cellular 29 
Anaplastic and papillary 5 
Epidermoid 3 
Lymphoma 3 
Hiirthle cell 2 


Total 119 


The initial uptake of radioactive iodine by carcinoma of the thyroid 


As early as 1916 Graham (29) demonstrated that carcinomas of the thy- 
roid contained very little iodine or thyroid hormone. We, as well as many 
others, have shown that the uptake of radioactive iodine in malignant 
thyroidal tissue is less than that of the normal gland (1, 7, 8, 9, 11, 25, 26). 
It has been generally found that follicular adenocarcinomas which contain 
colloid usually take up more’ radioactive iodine than other types of carci- 
nomas of the thyroid. In contrast, the highly anaplastic carcinomas have 
been reported to take up none (8, 9, 11, 20). Although papillary adenocarci- 
noma has been considered to have little or no function (8, 9, 11) some 
reports have indicated that there was some uptake of radioactive iodine 
in such lesions (20). 

A determination of the initial uptake of radioactive iodine was made in 
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83 of the 119 cases of carcinoma of the thyroid which are reported here 
(Table 2). As pointed out, the uptake of radioactive iodine was determined 
by counting a digested sample of tissue of known weight and by radioauto- 
graphs. Although a slight uptake of radioactive iodine was sometimes 
found by the former method, radioautographs often revealed that the 
radioactivity was localized in small areas in which colloid was present. 
These observations illustrate the importance of histologic variations 
when classifying these tumors and the lack of precise information yielded 
by the determinations of the radioactivity contained in a mass of tissue 
which has been digested. ; 

It will be seen from Table 2 that the follicular adenocarcinomas collected 
more radioactive iodine than other carcinomas of the thyroid. The greatest 
initial uptake, however, in any of these tumors was only 0.6 per cent of the 
dose per gram of tissue; in most others the uptake was far less. Even the 
best uptake in any of these tumors was decidedly less than that of the 
normal thyroid. Among the other types of carcinomas without follicular 
components, the highest reliable assay that was found was .04 per cent 
of the dose per gram of tissue. Those tumors in Table 2 having an initial 
detectable uptake of radioactive iodine may be summarized by types as 
follows: follicular, 10 positive out of 18; follicular and papillary, 12 positive 
out of 24; papillary, 4 positive out of 13; anaplastic and solid cellular, 


8 positive out of 19 (footnote {, Table 2); anaplastic and papillary, 0 posi- 


tive out of 4; epidermoid, 2 positive out of 3 (footnote ft, Table 2); lymph- 
oma, 0 positive out of 3; and Hiirthle cell, 1 positive out of 2. It should 
be noted, however, that in many of those listed as positive the uptake 
was barely detectable by only one of several methods. Because of the 
minute amount of radioactivity in many of these tumors and certain in- 
adequacies in experimental technique,! confirmation among the methods 
was not always obtained. For details the reader is referred to Table 2. 
It was felt that although there was an initial uptake in some of these 
tumors, it was not sufficient to be of therapeutic value.’ 


1 From the radioautographs that were made there is an indication that during the 
process of digesting samples of the primary tumor, minute fragments of normal thyroidal 
tissue may have been included in the tissue mass which was digested. The method may 
thus give a falsely elevated uptake of radioactive iodine in tumors such as the pure papil- 
lary lesions which by radioautograph have rather uniformly shown no uptake of radio- 
active iodine. 

2 Seidlin, Marinelli and Oshry (6) have reported a single well-documented case in 
which there was thyrotoxicosis and an excessive uptake of radioactive iodine in metas- 
tases. This patient had had what was thought to be almost total thyroidectomy several 
years before these observations were made. Several other cases have been reported. 
Kaae and Peterson (27) and Weinberg et al. (28) reported cases of carcinoma of the 
thyroid with hyperthyroidism. In these cases the evidence is not clear that there was an 
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Although the colloid-forming tumors took up the most radioactive 
iodine, there was no strict correlation between the histologic patterns of 
the tumors and the uptake of the isotope. Some follicular adenocarcinomas 
with colloid did not take up any radioactive iodine. On the other hand, a 
slight uptake was found in metastases from 1 anaplastic and 4 pure papil- 
lary carcinomas (Table 2). Some, but not all, of these were confirmed by 
radioautograph. A positive radioautographic finding in a cervical lymph 
node containing a highly anaplastic carcinoma (Case 28, AC @) is illus- 
trated in Figure 1, A and B. The normal thyroid appeared to have been 
completely replaced by diseased tissue. 


The effect of total thyroidectomy on the function of metastases 


Means (30) in 1937 suggested that so-called benign metastases with 
structure similar to normal thyroid might produce sufficient thyroid hor- 
mone to prevent myxedema after the normal thyroid had been removed. 
Indeed, von Eiselsberg (31) in 1894 described the development of myxe- 
dema in a patient following the removal of the thyroid for malignant 
disease; but the myxedema disappeared coincident with the development 
of a metastatic lesion in the manubrium two years later. The metastasis, 
which was a colloid-forming adenocarcinoma, was removed and the symp- 
toms of myxedema returned. Apparently this is the first record of the 
_ development of function in a metastasis following thyroidectomy. 

In March 1945, a patient (Case 3 TI 2) with carcinoma of the thyroid 
and a mildly functioning metastasis in the skull was admitted to the 
Massachusetts General Hospital under the care of Dr. Earle M. Chapman. 
At the suggestion of Dr. Rulon W. Rawson a total thyroidectomy was 
performed by Dr. Robert Linton to see if the uptake of radioactive iodine 
would increase in the metastasis. Subsequently there was an increase in 
the uptake in this metastatic lesion. As a result of the observations on this 
patient, the principle of total thyroidectomy has been applied over the 
past six years. 


excessive uptake of radioactive iodine in the malignant tissue. A patient (93 HG) in 
this series had a basal metabolism of +55 per cent and clinical evidence of hyperthy- 
roidism but at the time of postmortem examination there was no uptake of radioactive 
iodine in any of numerous metastases. 


Fig. 1. An example of a highly anaplastic metastasis (lymph node) which took up 
sufficient radioactive iodine to produce positive findings in a radioautograph. A= His- 
tologic section of a metastatic lesion in the cervical area (X8). B= Radioautograph pro- 
duced by radioactive iodine in A. C=High magnification (240) of the section in A, 
showing a highly anaplastic tumor without colloid formation. It may be that the exten- 
sive replacement of the normal thyroid tissue by the tumor produced an effect similar to 
thyroidectomy. 


if 
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In theory there are two reasons for eliminating the normal thyroidal 
function in the presence of metastases. First, since the normal thyroid picks 
up radioactive iodine more readily than does malignant tissue, its removal 
eliminates this competition and the malignant tissue has the sole oppor- 
tunity to collect the isotope. Second, because an insufficiency of thyroid 
hormone occurs following total thyroidectomy, the metastatic tissue may 
develop a capacity to produce thyroid hormone. If the metastatic tis- 
sue makes thyroid hormone, it must collect and store iodine. If the tumor 
then collects sufficient radioactive iodine, cellular damage within the tumor 
will result. from the radiation. 

Several groups of investigators have reported the use of this principle 
in the treatment of carcinoma of the thyroid (8, 10, 12, 14, 22, 24). The 
present report® concerns 60 patients who have been subjected to total thy- 
roidectomy. It will be seen in Table 3 that in 10 of these patients the dis- 
ease was completely removed by surgical excision so that there was no 
further opportunity to study the uptake of radioactive iodine in the 


TABLE 3. THYROID STRUCTURE AND METASTASES IN PATIENTS SUBJECTED 
TO TOTAL THYROIDECTOMY 


Papil- Papil- 
Follic-| Papil-| lary & | Undiffer-| lary & | Epider- | Lym- | Hiirthle Total 
ular* | lary* | follic- | entiated | undiffer-| moid phoma cell 
ular entiated 
(Disease com- 1 3 5 0 1 0 i) 0 10 
Disease confined pletely excised ; 
to cervical area| Disease incom- 4 4 7 3 2 0 2 0 22 
pletely excised 
Distant metastases 11 5 4 7 0 0 0 1 28 
Total 16 12 16 10 3 0 2 1 60 


* Essentially pure histologic pattern. 


malignant tissue. There were distant metastases in 28 patients. In 22 
other patients the disease, although confined to the cervical region, could 
not be completely excised. Special interest was directed toward those 
patients who had lesions which formed acini, either follicular or papillary 
and follicular (Table 3). Twenty-six of these patients had local or distant 
metastases after the total thyroidectomy had been accomplished. 

In Table 2 the patients who had total thyroidectomy have been classified 
according to histologic types. As pointed out, the uptake of a tracer dose 
of radioactive iodine has been estimated by one or several of the following 
methods: 1) in vivo counting over a metastatic site, 2) radioautographs, 


3 Some of these cases were previously reported (8, 14, 22) from the Thyroid Clinic of 
the Massachusetts General Hospital. 
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and 3) digestion of the tissue removed. These observations have been 
repeated over a period of from several days to years after total thyroidec- 
tomy. The ability of follicular adenocarcinomas to collect radioactive iodine 
has been either acquired or increased in some instances. This has been ob- 
served in metastases from 11 (2 initiated, 9 increased) of 13 follicular, and 
from 4 (all initiated) of 5 mixed follicular and papillary carcinomas. In 
many of these the increase was sufficient to be of striking therapeutic 
value. Although myxedema developed in the patients with pure papillary 
adenocarcinoma in only 1 of 3 of this type was an uptake of radioactive 
iodine initiated and in none was it increased. In 3 patients with anaplastic 
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Fig. 2. The change in the uptake of radioactive iodine in metastatit follicular adeno- 
carcinoma of the thyroid following total thyroidectomy. Identical tracer doses of the 
isotope were given prior to and fourteen days following total thyroidectomy. In vivo 
counting over the vertebral column revealed an increased concentration of the isotope 
as the area of the thyroid was approached preceding the operation (shaded circles) and 
in the area of the metastases after the operation (open circles). 
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carcinomas an uptake in the metastases was detected after total thyroid- 
ectomy. In 2 (Case 33 AK @ and Case 70 MC 2) a total thyroidectomy 
had been performed, and in the third (Case 46 LT ¢ ) the surgical excision 
was almost complete. In none of the anaplastic carcinomas was the uptake 
sufficient to be of therapeutic value. Hiirthle cell, epidermoid, mixed 
papillary and anaplastic carcinomas or lymphomas could not be induced 
to collect radioactive iodine by this method. 

If in three or four days practically all of a tracer dose of radioactive 
iodine was not excreted in the urine after a completely total thyroidectomy, 
the observation suggested that radioactive iodine had been retained in 
some of the metastatic sites. In 10 of 16 patients with essentially pure 
follicular adenocarcinoma, the urinary excretion did not approach 100 
per cent (Table 4) and myxedema did not develop. Jn vivo counting over 
the metastatic sites indicated that the tumor was retaining some of the 
isotope. Of the remaining 6 cases of pure follicular adenocarcinoma, 1 had 
no distant metastases, 3 were incompletely studied and 2, although classi- 
fied as follicular in type, were composed of extremely small acini which 
contained practically no colloid. 

Attention has been directed toward the interval of time between the 
total thyroidectomy and the demonstrable increase in the uptake of radio- 
active iodine in metastases. An appreciable increase was observed as early 
as three, four, seven, and fourteen days after total thyroidectomy. Such a 
change is demonstrated in Figure 2 (Case 68 LA). In 1 patient with a 
mixed papillary and follicular adenocarcinoma a significant uptake in the 
metastasis was not demonstrable until six months after the thyroid had 
been removed. However, frank myxedema did not develop in this patient 
during the interval in which in vivo counting failed to demonstrate an up- 
take in the metastasis. 

The observations thus far suggest that those patients who are most 
effectively treated with radioactive iodine possess tumors which initially 
take up some of the isotope and show a prompt increase after total thy- 
roidectomy. Although this increase may be demonstrable soon after thy- 
roidectomy, as time passes, the uptake of iodine usually becomes more 
pronounced. 

An effort has been made-to study the histologic changes that take place 
in metastases following total thyroidectomy. Tissue was obtained either 
before or at the time of the operation and in 4 cases biopsy specimens 
were subsequently obtained at various intervals after the total thyroidec- 
tomy. Radioautographs were made of the tissue that was removed. 
Although metastatic lesions show considerable variability within a single 
lesion or among several lesions in the same patient, and although the 
sample of tissue cannot be removed a second time for comparison with 
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itself, the observations on these 4 patients suggest that the metastases 
have a tendency to develop more resemblance to the normal thyroid than 
formerly. Indeed some acquire the histologic features of the thyroid of 
patients with Graves’ disease. The probable changes that may have 
been taking place are illustrated in Figure 3, A and B. 

The question arises whether total thyroidectomy, carried out to stimu- 
late the uptake of radioactive iodine in the metastases, may also cause an 


Fig. 3. The histologic changes which may occur in metastases following total thy- 
roidectomy (Case 61, MM ¢?). A=Primary lesion of the thyroid; there was no uptake of 
radioactive iodine (X130). B=A metastatic lesion from the same patient six months 
after total thyroidectomy; excellent uptake of radioactive iodine (130). Although it 
is well known that a metastasis may differ histologically from the primary lesion, similar 
observations on 4 patients suggested that the metastases have a tendency to develop 
more resemblance to the normal thyroid than formerly. 


increase in the rate of growth of these lesions. One of the patients (Case 
79 MS ¢), who subsequently was shown to take up large amounts of radio- 
active iodine in her metastases, had had roentgenograms made of the right 
pelvis nine months before she came under our observation (Fig. 4A). 
During this period of nine months the metastatic lesion in the pelvis 
had grown moderately (Fig. 4B). Further destruction in the pelvis, appar- 
ently at an increased rate, had occurred during 146 days following total 


4 
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Fia. 4. Changes in the rate of growth of a metastatic lesion in bone before and after 
thyroidectomy (Case 79, MS ¢). A=Roentgenogram showing metastatic lesion in the 
inferior ramus of the right pubic bone nine months before total thyroidectomy. B= 
Roentgenogram of the area at the time of total thyroidectomy. C= Roentgenogram 
146 days after total thyroidectomy, illustrating an increase in the rate of growth of the 
metastatic lesion. 


thyroidectomy (Fig. 4C). During the past year the patient has been 
given a total of 416 millicuries of radioactive iodine in divided doses, and 
the growth of the tumor now appears to be arrested. 

Another patient (Case 61, MM ¢) at the time of total thyroidectomy 
was found by roentgenograms to have metastatic lesions which were 
just discernible in the humerus and the pelvis. Six months after total 
thyroidectomy, the tumor in the humerus had completely replaced a seg- 
ment of the shaft, and a pathologic fracture had occurred (Fig. 5A). The 
tumor of the pelvis had reached a diameter of more than 15 em. Although 
the rate of growth of the metastases in this patient before thyroidectomy 
is not known, the rate during the six months following thyroidectomy 
was extremely rapid. As will be pointed out later, radioactive iodine ther- 
apy not only stopped the growth but caused a slight decrease in the size 
of the lesions. Generally speaking, the impression has been gained that 
those functioning metastases which have a tendency toward growth 
following thyroidectomy are those which are most effectively treated with 
radioactive iodine. 


The destruction of the function of the normal thyroid with radioactive 
iodine 

Large doses of radioactive iodine have served as another means of elimi- 
nating the normal thyroidal function in patients with carcinoma of the 
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Fic. 5. Changes in a metastatic lesion in bone after total thyroidectomy and after 
large doses of radioactive iodine (Case 61, MM ¢). A= Metastatic lesion of the humerus 
six months after total thyroidectomy. A pathologic fracture had occurred. The lesion was 
just discernible at the time of total thyroidectomy. B=Same lesion six months later 
(one year after total thyroidectomy), after 182 millicuries of radioactive iodine in divided 
doses. C =Same lesion twenty-seven months after total thyroidectomy, and after 434 
millicuries of radioactive iodine. Growth of the lesion was curtailed and partial cal- 
cification had occurred. 


thyroid. It is obvious that if doses of radioactive iodine are large enough, 
the thyroid can be totally destroyed. This method has been used in our 
laboratory in 5 patients who had had only a biopsy of the lesion to confirm 
the diagnosis. At the present time there are several tentative objections 
to the use of this method when compared to total surgical ablation. First, 
relatively large doses of radioactive iodine are required to destroy the 
normal thyroid. This adds to the total amount of radiation received by the 
patient. Second, the incompleteness of the lethal effect of the first dose 
may necessitate additional doses. Third and most important, valuable 
time is lost not only during the period of radiation, but also additional 
time is necessary for all of the radioactive iodine to disappear so that a 
new test dose can be given in order to prove total destruction. If multiple 
(loses are required for treatment, the factor of time is further increased. 
Because there is often a possibility that carcinoma can be completely 
eradicated by surgery or that the growing lesion may be encroaching on 
the trachea or esophagus, surgical exploration is indicated in most of the 
patients. It is at this time that the normal thyroid is removed. The surgi- 
cal exploration also affords an opportunity to make a histologic diagnosis 
and an assay of the initial uptake of radioactive iodine by the tumor. 

In contrast, it is easier to destroy a small postoperative remnant of 
normal thyroid than the entire normal gland. Since hyperplastic thyroidal 
tissue such as that of Graves’ disease is more easily destroyed with radio- 
active iodine than the normal tissue (32, 33), the compensatory hyper- 
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plasia in a small remnant of thyroidal tissue apparently makes it more 
vulnerable to radioactive iodine. 


The use of thiouracil compounds as a means of increasing the uptake of 
radioactive iodine in metastases . 


Seidlin, Marinelli and Oshry (6) in January 1944 used thiouracil in a 
patient to control the hyperthyroidism caused by functioning metastases 
from a carcinoma of the thyroid. On the basis of the urinary excretion of 
radioactive iodine, this drug blocked the uptake of the isotope in the 
metastases. 

Thiouracil compounds prevent the incorporation of iodine into thyroid 
hormone; therefore iodine is not stored. The thyroid hormone which has 
already been made and stored in the tumor continues to be excreted. 
Eventually the iodine content of the tissue is depleted and when the drug 
is discontinued, the tumor is more avid for iodine than formerly. Several 
reports have been made from our clinic as well as from others on the 
effect of thiouracil on the uptake of radioactive iodine in metastases (8, 
13, 22, 24). 

In October 1946, thiouracil was given for the first time in our clinic to 
a patient (Case 7 JB) with functioning metastatic carcinoma of the 
thyroid, in order to enhance the subsequent uptake of radioactive iodine. 
_ This work was carried out under the direction of Dr. Rulon W. Rawson. 
Although myxedema had not developed in this patient following the total 
thyroidectomy, it occurred during the administration of thiouracil. When 
the administration of thiouracil was discontinued, the urinary excretion 
of radioactive iodine was reduced (Table 5). The successful treatment 
of this patient with large doses of radioactive iodine then followed. 

In the current series, 10 patients were given thiouracil compounds in an 
effort to induce or increase the uptake of radioactive iodine in metastases 
after total thyroidectomy (Table 5). Seven of these patients had follicular, 
2 had pure papillary and 1 had Hiirthle cell carcinoma. All of the first 
group took up some radioactive iodine after total thyroidectomy. In most 
of these the uptake was further increased; indeed the retention of radio- 
active iodine was as high as 90 per cent in 2 patients. One of the 2 pure 
papillary lesions was moderately affected by thiouracil. One patient (Case 
90 GD ?) with metastatic Hiirthle cell carcinoma of the sternum took 
up no radioactive iodine in spite of eighteen weeks of thiouracil therapy. 
This patient’s total thyroidectomy had not induced function in the 
metastasis. From our studies it appears that those patients in whom 
thiouracil is of greatest benefit are those who had some uptake of radio- 
active iodine in the metastasis after total thyroidectomy. In only 1 in- 
stance (Case CL 2, Table 5) was an uptake of radioactive iodine initiated 
by the administration of thiouracil. 
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Although we have not had an opportunity to compare simultaneously 
the blocking effect of thiouracil on the normal thyroid and on functioning 
metastatic carcinoma, it has been reported (8, 13) that thiouracil blocks 
the normal thyroid more readily than it does the metastatic tissue. From 
studies on several of our patients, it was found that larger amounts of 
thiouracil were required to block the storage of radioactive iodine in 
metastases than is commonly used to block the uptake in the normal 
thyroid. Two hundred milligrams of thiouracil every eight hours was the 
dose usually given, but in some instances this dosage was doubled in order 
to produce a satisfactory effect. The biologic difference between patients 
may be due to large variations in the amount of malignant tissue present 
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Fic. 6. The use of thiouracil to demonstrate differences in function of several me- 
tustases in the same individual (Case 61, MM ¢). Radioactive iodine was not retained 
in several metastatic lesions while the patient was receiving thiouracil. When thiouracil 
was omitted, marked variation in the retention of the isotope was noted in the various 
lesions. The lesion in the rib collected some radioactive iodine but rapidly lost it, as 
though blocked by thiouracil. 
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in the body. From the observations, it appears that those patients with 
extensive functioning metastatic disease required large doses of thiouracil. 

Thiouracil has been used to demonstrate the differences of function in 
several metastatic lesions in the same individual. An example is illustrated 
in Figure 6 (Case 61, MM @ ). Lesions were present in the pelvis, humerus 
and rib. There was only a slight temporary retention of radioactive iodine 
in all three of the lesions while the patient was under the influence of thio- 
uracil. In forty-eight hours all of the isotope had been lost from the lesions. 
After the administration of thiouracil had been discontinued and a second 
dose of radioactive iodine given, the lesions in the pelvis and humerus 
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not only collected radioactive iodine but retained it. At the same time 
the lesion in the rib only temporarily collected the radioactive iodine and 
promptly lost it, just as under the influence of thiouracil. The observations 
indicate that two lesions had a capacity to store iodine while the third 
did not, and that the collection of iodine could be blocked in the function- 
ing lesions by the administration of thiouracil. Further evidence of the 
blocking effect of thiouracil on the function of metastases was demon- 
strated in many of these patients with functioning metastatic disease 
(Table 5) by the decline in the protein-bound iodine of the serum, by the 
development of myxedema, and by the increased urinary excretion of a 
tracer dose of radioactive iodine. 
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Fia. 7. A decline in the inhibition of the uptake of radioactive iodine produced by the 
same dose of thiouracil after long continued administration (see Table 5, footnote) 
(Case 61, MM 9). A=Inhibition of the uptake of radioactive iodine in 3 metastatic le- 
sions during the first three days of thiouracil administration. B= Incomplete inhibition 
while receiving the same dose of thiouracil given for two months. C=The uptake of 
radioactive iodine after thiouracil had been discontinued. A correction was made for the 
residual radioactive iodine following the second observation. 


It has been observed that, although a given dose of thiouracil may be 
effective for a time, the effect may be lost after long continued administra- 
tion of the same dose. As illustrated in Figure 7 (Case 61, MM Q), in 
vivo counting over metastatic sites showed that thiouracil (0.2 Gm. 
every eight hours) during the first three days of administration blocked the 
uptake and storage of radioactive iodine in the metastases. Nine weeks 
later, while the patient was still receiving the same amount of thiouracil, 
the observations with radioactive iodine were repeated under identical 
conditions. At this time there was only a slight inhibition to the uptake 
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of radioactive iodine in the metastases. One explanation for the change in 
the effect of thiouracil may be that the tumor had become less sensitive 
to the drug. Another explanation may be that the dose required per unit 
weight of tumor had become inadequate, due to growth of the tumor tissue. 

Although there was no determination of the initial blocking effect dur- 
ing the first three days of thiouracil administration in 3 other patients 
(Cases 7 68 and 79 MS it was found that only 62.5, 
44.0 and 35.6 per cent of a tracer dose of radioactive iodine was excreted 
while the patient was still receiving thiouracil, after fourteen, nine and ten 
weeks respectively (Table 5). The decreasing effect in the block caused 
by thiouracil was confirmed by in vivo counting over the metastatic lesions 
in 2 of these patients. 

From the evidence thus far acquired, it is impossible to say whether the 
rate of growth of metastases increased during the time that the patients 
were receiving thiouracil. Although any single period of thiouracil adminis- 
tration was no longer than two months in these patients, roentgenograms 
did not reveal a definite increase in the size of metastatic tumors in bone. 


Therapeutic doses of radioactive iodine and the effect on metastases 


Variations in the method of treating functioning metastases with radio- 
active iodine have been used (25). The two extremes may be represented by 
those who give many frequent small doses of radioactive iodine over a 
considerable period of time and those who wait and give a massive dose 
of radioactive iodine only after it is found that a large per cent of the 
dose will be retained. Many variations between these two extremes have 
been used. The question may be raised whether repeated small doses of 
radioactive iodine may destroy the functioning capacity of the tumor 
cells and still not be lethal to them. 

Early in our experience, doses up to 50 millicuries were given. Hesitancy 
to give larger doses was based on a lack of knowledge concerning the radi- 
ation damage to other organs or the production of fatal thyrotoxicosis 
due to massive destruction of the tumor and release of stored hormone. 
More recently, doses of radioactive iodine as high as 200 millicuries have 
been given with acceptable risk from radiation hazard. Table 6 illustrates 
the dosages of radioactive iodine given to the patients treated in this 
series. 

The total mass of functioning malignant tissue is an important consider- 
ation. If the mass of tissue is large, the concentration of radioactive iodine 
per unit weight of tumor may be so low that a lethal radiation effect is 
not produced. 

Our experience has shown that the tumors do not take up the isotope 
uniformly. Therefore the radiation effect will not be homogenous and sub- 


November, 1951 I IN THYROID CANCER: 119 CASES 


il = 
| 


Fig. 8. Carcinoma of the thyroid with skeletal metastases successfully controlled with 
repeated small doses of radioactive iodine (Case 7, JB @). An increase in the uptake of 
radioactive iodine occurred after total thyroidectomy and after thiouracil administra- 
tion. Although neurologic symptoms were originally produced by a lesion in the spine, 
the growth was curtailed, its function was markedly reduced, and the patient was com- 
pletely rehabilitated. Arrows and light columns represent tracer doses and excretion of 
radioactive iodine. Dark columns represent treatment doses of radioactive iodine. 
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Fig. 9. Carcinoma of the thyroid with skeletal metastases controlled with increasing 
doses of radioactive iodine (Case 61, MM ¢?). Thyroidectomy initiated and thiouracil 
augmented the uptake of radioactive iodine. A rise in PBI of the serum followed the ad- 
ministration of 166 millicuries of radioactive iodine. This patient, once bedridden owing 
to a lesion in the pelvis, was rehabilitated (See Fig. 5). 
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sequent doses will be required after a period of time. Experience further 
indicates that this interval of time is important because most of a second 
dose may be excreted if given only a few weeks after the first. The gradually 
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Fia. 10. Carcinoma of the thyroid with skeletal metastases controlled with increasing 
doses of radioactive iodine (Case 79, MS 9). Thyroidectomy initiated and thiouracil 
augmented the uptake of radioactive iodine. A rise in PBI of the serum followed the 
administration of 150 millicuries of radioactive iodine. 


decreasing function of metastases is demonstrated by diminishing uptakes 
of radioactive iodine in Figure 8 (Case 7, JB). 

Trunnell et al. (24) and Salter (34) have demonstrated an increase in 
the protein-bound iodine (PBI) of serum after large doses of radioactive 
iodine had been administered to patients with functioning metastatic 
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carcinoma of the thyroid. In several of the patients studied in our series, 
the serum PBI was determined on several occasions before the treatment 
dose was given and was subsequently determined at intervals of two to 
four days following large doses of radioactive iodine. The results are shown 
in the diagrammatic representation of the course of 2 patients illustrated 
in Figure 9 (Case 61, MM 9°) and in Figure 10 (Case 79, MS ¢). The 


Fig. 11. The destruction and connective tissue replacement of a functioning meta- 
static lesion. After 280 millicuries of radioactive iodine in divided doses, multiple frag- 
ments of the tumor were mounted simultaneously (10) (A) and a radioautograph pre- 
pared (X10) (B). Ghosts of former follicles and connective tissue were present in the 
numerous biopsy specimens of this lesion. In the lower left corner a small island of func- 
tioning tissue remained, as illustrated by the blackening on the radioautograph (B). The 
cells in this area although viable and functioning showed a marked radiation effect sim- 
ilar to that in Figure 15A. It must be pointed out that some of the connective tissue may 
have been produced by trauma at the time of former biopsies. 


highest level observed in any patient was 11.5 gamma per cent (Case 79, 
MS ¢). In this patient the observations were as follows: 3.5 gamma per 
cent before thiouracil was administered, 0.3 gamma per cent toward the 
end of the period of the administration of thiouracil, and 11.5 gamma per 
cent nine days after radioactive iodine therapy and eleven days after the 
thiouracil had been discontinued. In the latter observation, a dose of 150 
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millicuries of radioactive iodine was given two days after the thiouracil 
had been discontinued, but only 9.9 per cent of the isotope was excreted 
in three days. 

Histologic studies of serial biopsy specimens of metastases were made 
in order to observe the effects of radiation on the tumors. The appearance 
of a follicular adenocarcinoma of the humerus six months after total thy- 
roidectomy is seen in Figure 3 B (Case 61, MM ¢?). Multiple simultaneous 


Fie. 12. Different stages of radiation effect found in the same metastatic lesion. 
A=Two pieces of tissue from the same lesion mounted simultaneously (X25). B= Ra- 
dioautograph produced by tissues in A (X25) (see text and Figure 13 for explanation). 


biopsies of this same lesion (Fig. 11 A, Case 61, MM ¢) were performed 
after 280 millicuries of radioactive iodine had been given in divided doses 
(Fig. 9). Ghosts of former follicles were present in some areas of these 
biopsy specimens. One particular area contained a nest of functioning 
thyroidal epithelium which caused blackening on a radioautograph after 
a tracer dose of radioactive iodine (Fig. 11 B). 

In another patient with follicular adenocarcinoma (Case 68, LA&), 
the biopsy specimen (Fig. 12 A and B) consisting of two pieces of tisswie 
was obtained from a lesion of the spine seven weeks after a dose of 81 
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millicuries! and two weeks after a tracer dose of radioactive iodine had 
been given. One area of this tumor showed a recent radiation effect (Fig. 
13 A), but the radioautograph (Fig. 12 B) of this area revealed no radio- 
active iodine contained in it. In contrast, the radioautograph of another 
area (Fig. 12 B) from the same metastasis showed the presence of a small 
amount of radioactive iodine, presumably from the recent tracer dose. 
This area showed old fibrosis and damaged acini which were still func- 
tioning (Fig. 13 B). It appears that this area did not take up enough 
of the treatment dose of radioactive iodine seven weeks before, to cause 
a lethal effect. 


Fig. 13. High magnification of the two pieces of tissue seen in Figure 12A. A.Upper 
fragment, appearing in Figure 12A, shows an extensive radiation effect resulting from a 
dose of 81 millicuries of I'*! given seven weeks previously. This tissue collected no radio- 
active iodine when a recent tracer dose was given (see Fig. 12B). Although death of the 
tissue is evident, remnants of acini may be seen in the lower right (180). B.Lower 
fragment, appearing in Figure 12A, shows old fibrosis and cellular damage. The thyroid 
apparently did not collect enough of a treatment dose of radioactive iodine to cause a 
lethal effect seven weeks before, but later collected enough of a tracer dose to show up ina 
radioautograph (X95) (see Fig. 12B). 


4 Patient had previously received a total of 365 millicuries in divided doses. 
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Fia. 14. Differences in the effect of radioactive iodine therapy on the rate of growth 
of two metastatic lesions in the skull. After the original lesion (A) had been partially 
excised, two lesions (B and C) appeared at the former site. Lesion C took up radioactive 
iodine avidly and failed to grow. Lesion B did not take up radioactive iodine and con- 
tinued to grow. Lesion C appeared shortly after July 1947. Radioactive iodine therapy 
was instituted after C had appeared. 
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Fig. 15. The histologic evidence of the radiation effect in the metastases illustrated 
in Figure 14. A=Lesion C in Figure 14. Radiation effect produced by I'*! (X180). 
B = Lesion B in Figure 14. This lesion was less differentiated than A and revealed min- 
imal radiation damage (180). 
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Observations in another patient illustrate the differences in function 
and the radiation effects in two metastases in the same patient (Fig. 14; 
Case 3, TI 2). After a total thyroidectomy had been performed, a meta- 
static lesion in the skull took up some radioactive iodine. The lesion at 
that time measured about 3 em. in diameter and was subtotally removed. 
A defect in the skull remained after the partial excision; approximately 


Fig. 16. Radioautograph produced by the two tissues illustrated in Figure 15. The 
radioautograph on the left was made by the tissue (Fig. 15A) showing previous radiation 
damage. The radioautograph on the right was made by the tissue (Fig. 15B) showing 
minimal radiation damage. The two tissue slices that were used were cut to the same 
thickness, mounted side by side, and simultaneously exposed to the same film for the 
purpose of comparison. 


two years later a nodule appeared at the inferior margin of the defect. 
Six months later another nodule appeared at the superior margin of the 
defect. Treatment doses of radioactive iodine curtailed the growth of the 
superior lesion, but the inferior lesion continued to grow. After four years, 
the lower lesion began to grow rapidly in spite of large doses of radioactive 
iodine. During a period of eight months (during six months of which time 
the patient was receiving thiouracil) the inferior lesion grew until it was 
approximately one third of the size of the patient’s head. One year before 
the rapid growth of the inferior tumor began, a biopsy specimen of each 
of the lesions was obtained simultaneously after a treatment dose of radio- 
active iodine had been given. Extensive radiation effect was found in the 
superior lesion (Fig. 15 A). The inferior lesion was less well differentiated 
and showed little evidence of radiation effect (Fig. 15 B). Radioautographs 
(Fig. 16) were made from both pieces of tissue cut to the same thickness, 
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mounted side by side and simultaneously exposed to the same film for the 
purpose of comparison. Much more radioactive iodine was present in the 
lesion which had previously been partially destroyed than in the lesion 
which grew. 

The effect of radioactive iodine treatment in some patients with func- 
tioning follicular adenocarcinoma in bone was studied by serial roentgeno- 
grams. Although zn vivo studies of the uptake of the isotope in these lesions 
revealed that their function had decreased, relatively little decrease in 
the size of the lesions was found. In 1 patient (Case 61, MM @), previously 
referred to (Fig. 5 A, B, and C), there was a slight reduction in the size of 
a metastasis in the humerus. In addition, calcium was deposited around 
the lesion. Marked improvement in skeletal mobility occurred in 2 pa- 
tients (Case 61, MM 9° and Case 79, MS 9°). These individuals previ- 
ously had been bedridden because of large lesions of the pelvis which 
interfered with the articulation of the femur. Another patient (Case 7, 
JB) with a compression fracture of the spine was relieved of neurologic 
symptoms and remained active five years following bone graft and 800 
millicuries of radioactive iodine. 

In 2 instances, evidence suggested that metastatic lesions in soft tissues 
had decreased in size. In 1 (Case 61, MM @) a large mass protruded from 
the ileum and occupied a large portion of the pelvis. After extensive radio- 
active iodine therapy (740 millicuries), this mass decreased to approxi- 
mately one third of its former size. In the other patient (Case 10, EL 2), 
who had diffuse lymphatic involvement of both lungs from what was 
originally a papillary adenocarcinoma, the pulmonary lesions are no 
longer demonstrable by roentgenograms. 


Radiation effect on other tissues of the body 


Probably the most serious side effects of the radiation from radioactive 
iodine are changes in the hematopoietic system. Trunnell e¢ al. (24) have 
noted changes in all of the peripheral blood elements. One of their patients, 
who had received a total of 638 millicuries, succumbed to a fatal pancyto- 
penia approximately one month after a final dose of 250 millicuries had 
been given. The tumor in this patient took up little to no radioactive 
iodine. Frantz et al. (26) reported 1 patient who had a low platelet count 
and an alarming leukopenia and anemia. Keating and his associates (35) 
have observed neutropenia accompanied by monocytosis in a young indi- 
vidual who received a very large dose of radioactive iodine. Seidlin (16) 
did not observe a decline in the leucocyte count below 3,200 in any patient 
who had received single doses up to 100 millicuries. Trunnell et al. (24) 
have reported that studies of bone marrow biopsy specimens in 7 cases 
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revealed a uniform decrease in the total cell count in each instance. The 

decrease in the circulating lymphocytes has been correlated with an 
increase in the coproporphyrin excretion in patients receiving large doses 
of radioactive iodine (36). 

Trunnell et al. (24) reported 3 normally menstruating female patients 
under the age of 41, in whom amenorrhea developed after cumulative doses 
of radioactive iodine ranging from 90 to 458 millicuries. In spite of the fact 
that the patients complained of hot flashes, the follicle-stimulating hor- 
mone titer in the urine was reported to be normal in 2 of these patients. 
No definite reports could be found in the literature indicating definite 
renal damage’ in the human. 

Daily blood studies on many of our patients, after large doses of radio- 
active iodine, have shown that a decline in the actual number of lympho- 
cytes in the circulating blood is more likely to occur than other changes. 
The greatest observed decline in lymphocytes occurred in a patient 
(Case 68, LA &) who had received 200 millicuries of radioactive iodine in 
a single dose, of which 16.5 per cent was excreted in seventy-two hours. 
In this instance, the actual lymphocyte count declined from 750 to 87 by 
the fifteenth day following administration. The lymphocyte population 
had returned to the pretreatment level by the thirtieth day. The decline 
in the actual lymphocyte count was not always proportional to the dose 
of radioactive iodine given. In 1 patient (Case 61, MM @) the actual 
lymphocyte count declined 40 per cent after retaining 40 per cent of a dose 
of 27 millicuries. Subsequently this same patient retained 40 per cent of 
160 millicuries, but the lymphocytes on this occasion declined only 50 
per cent. In the patients thus far treated, there has been no clinical evi- 
dence of a bleeding tendency and the blood smears have not shown an 
appreciable decrease in the number of platelets. 

There was an opportunity to observe the ovarian function in 4 premeno- 
pausal women who received large doses of radioactive iodine. One patient 
(Case 61, MM @), aged 38, had had normal menstrual periods until the 
time treatment was begun. After 140 millicuries of radioactive iodine had 
been administered, the menses stopped. An elevation of the follicle-stimu- 
lating hormone in the urine was consistent with ovarian failure. A total of 
730 millicuries has been given to this patient; no further menstrual periods 
have occurred. It is noteworthy that there was a large functioning metas- 
tasis in the pelvis. Another patient (Case 116, LV 2), aged 38, was said 
to have received 25 millicuries of radioactive iodine in order to destroy 

the normal thyroidal tissue, before coming under our observation. Amenor- 


> Miller et al. (37) have reported tubular damage in rabbits which had received massive 
doses of radioactive iodine. 
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rhea occurred thereafter. The patient subsequently received 250 milli- 
curies, but there was no return of menstrual function. 

A patient (Case 10, EL 2), aged 26, received a total of 144 millicuries; 
now, two years later, the patient is in her fourth month of pregnancy. 
A patient (Case 52, RC 9), aged 15, received a total of 76 millicuries and 
experienced no menstrual irregularities. 

The bromsulphalein test (BSP) was used to study the liver function in 
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Fig. 17. The rise in the retention of bromsulphalein in the serum of a patient treated 
with a large dose of radioactive iodine. This patient (Case 61 MM 9°) received 166 
millicuries, and excreted 56.1 per cent in the urine in seventy-two hours. The maximal 
retention occurred at fifteen days. Recovery had not occurred after sixty-two days. 


3 patients who received large doses of radioactive iodine. A significant 
change was observed in only 1 patient (Fig. 17, Case 61, MM 9). A 4 
per cent retention of BSP in forty-five minutes was found in this 41-year- 
old woman, preceding a dose of 166 millicuries of radioactive iodine (56.1 
per cent urinary excretion in seventy-two hours). A significant increase 
in BSP retention was found by the fourth day. A maximal retention of 24 
per cent occurred on the fifteenth day, and recovery was not complete 
after two months. 
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The kidney function as measured by phenolsulphonphthalein, urea 
clearance, urine concentration, urinalysis and nonprotein nitrogen was 
carefully studied in 1 patient (Case 7, JB) over a period of four years, 
during which time a total of 800 millicuries of radioactive iodine was 
given. No significant alterations in the results of these tests occurred in 
this 65-year-old man. 

A marked localized inflammatory reaction occurred in the urinary blad- 
der of 1 patient (Case 79, MS 9; Fig. 10). A massive metastatic lesion 
arising in the pelvis and extending to the region of the bladder took up 
large amounts of radioactive iodine. Although previously the patient had 
uneventfully received small doses of radioactive iodine, she experienced 
the onset of urgency, frequency and dysuria twenty-four hours after a 
dose of 80 millicuries had been given. On cystoscopic examination six weeks 
following this treatment, Dr. Richard Chute observed an area of erythema 
over the right side of the bladder in an area adjacent to the metastatic 
lesion. Ten weeks later, when all urinary symptoms had subsided, this 
same area was paler than the remaining wall of the bladder. Examinations 
of the urine during the period of symptoms revealed that there were no 
organisms in the urine and that only a few leucocytes were present. Twenty 
weeks following the radioactive iodine therapy, cystoscopic examination 
revealed the same pale area in the wall of the bladder. A dose of 150 milli- 
curies of radioactive iodine was given five days after this examination. 
Four per cent was excreted in seventy-two hours (the patient had been on 
thiouracil). Urinary symptoms began thirty-six hours after the isotope had 
been given. Cystoscopic examination ten days later revealed marked red- 
ness and edema of the same area of the bladder. 


SUMMARY 


Radioactive iodine has been used to study and in some instances to 
treat 119 cases of carcinoma of the thyroid. The inztial uptake of the isotope 
in these carcinomas and their metastases has been decidedly less than that 
of the normal thyroid. With this degree of function, radioactive iodine is 
of little therapeutic value. However, the removal of the normal thyroid 
has resulted in an increase in the uptake of the isotope in some cases. The 
advantage thus gained has made radioactive iodine a more useful thera- 
peutic tool, particularly in the follicular adenocarcinomas containing col- 
loid. The administration of thiouracil has been used to increase further the 
uptake of radioactive iodine in some instances. 

Although a few rapidly growing anaplastic lesions have been induced 
to take up small amounts of radioactive iodine, the uptake in these has 
not been sufficient to be of therapeutic value. Papillary lesions have been 
generally regarded as having no function but some lesions so classified 
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have a follicular component and will take up appreciable amounts of radio- 
active iodine. 

Radioactive iodine therapy has been beneficial in 10 out of 50 patients 
who were subjected to total thyroidectomy and who had known metastatic 
lesions remaining. Of the 10 patients, 6 had follicular adenocarcinoma, 
3 had mixed follicular and papillary adenocarcinoma, and 1 had papillary 
adenocarcinoma. 

A very few patients with incapacitating metastatic disease have been 
rehabilitated. The rate of growth of some lesions has been demonstrably 
curtailed and biopsies of the lesions have shown destruction by the radi- 
ation. 

A decline in the circulating lymphocytes of the blood is not uncommon 
after the administration of large doses of radioactive iodine. Although a 
total dose of 800 millicuries in divided doses and 200 millicuries in a single 
dose have been given, grave changes in the other circulating cellular ele- 
ments of the blood did not occur. Ovarian failure and localized inflamma- 
tory reaction in the urinary bladder have occurred in patients with func- 
tioning carcinomas of the pelvis, apparently owing to the proximity of the 
lesion containing the isotope. Abnormal retention of bromsulphalein in 
the serum has reflected damage to the liver in 1 patient. 
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FOODS AND THE GENESIS OF GOITER*f 


MILDRED B. FERTMAN, M.A., M.D. 
AND GEORGE M. CURTIS, Pu.D., M.D. 


From Stanford University Medical School, San Francisco, California, and the Department of 
Research Surgery, Ohio State University, Columbus, Ohio 


HE nutritional complex eventually resulting in the development of 

goiter is composed of one or more of three differing elements, de- 
ficiency, excess, or toxicity; moreover, more recent studies have even sug- 
gested two other factors, antagonism as well as synergism. Among these 
the role of deficiency is best known. Nearly world-wide experience indi- 
cates that iodine lack is concerned in the production of at least one form 
of thyroid disease, endemic goiter, although other circumstances may con- 
tribute to a varying degree. The iodine-deficiency hypothesis alone, how- 
ever, fails to explain satisfactorily several situations which are still enig- 
matic. Thus, there is the puzzle of certain isolated seacoast regions where 
the iodine intake is presumably high and yet simple goiter is prevalent; 
or the more baffling observations concerning cretinism, which over-runs 
certain areas endemically while shunning others. 

It is particularly owing to such exceptions, and also perhaps to certain 
chance associations, that efforts are constantly being made, despite the 
well grounded hypothesis of iodine lack, to isolate as yet unknown or un- 
confirmed etiologic factors in simple goiter and to disclose the causes of 
other thyroid disease as well. In the complicated domain of medicine, 
there are usually to be found new shock absorbers, occasional synergists 
and many antagonists. 

Although many ideas have been advanced and tested, only to fall by the 
wayside, a few suspected goitrogenic agents have been receiving increasing 
attention in the developments of animal experimentation as well as in the 
application of more recent physiochemical studies. Among these agents 
or their related compounds it has been hoped there could be discerned those 
elusive substances present in certain foods which may prove responsible 
for thyroid hyperplasia and perhaps even for subsequent nodule formation. 
One goitrogenic substance has thus far been isolated from foodstuffs (1). 


Received for publication July 25, 1951. 

* Read at the Annual Meeting of the American Goiter Association, Columbus, Ohio, 
May 24, 1951. 

This article will be included in the bound volume of the “Transactions of the Ameri- 
can Goiter Association” published by Charles C Thomas, Publisher, which will be avail- 
able for sale early in 1952. 
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PLANT FOODS AND FOOD SUBSTANCES 


The food receiving the greatest attention thus far as concerns the origin 
of goiter has been the widely used vegetable, cabbage. ‘‘Mir graut vor 
Kraut” was the conclusion of Wagner-Jauregg and Koch (2a). It now ap- 
pears that the etiologic role of ‘‘Kraut” has been greatly overrated (1) 
(3). Where balance is the keynote of nutrition, cabbage and its relatives 
may prove even desirable. The byword might better be expressed: “‘Mir 
graut vor zu viel Kraut’’ and we might add, “und zu wenig Jod!”’ 

Chesney, Clawson and Webster in 1928 drew world-wide attention to 
cabbage when they noted the development of large goiters, in spite of an 
adequate iodine intake, in laboratory rabbits maintained on a daily ration 
of this vegetable (4). These rabbits had been singled out for studies of a 
different nature. Further investigation here (5) and abroad (2, 6) followed, 
and for the most part similarly demonstrated that not only certain varie- 
ties of cabbage, but also other members of the genus Brassica may have 
similar effects upon the thyroid gland. 

Goitrogenic activity seems to be a property of the seeds of all the Bras- 
sicae (7) but its role in the edible portions such as the blossoms, leaves 
and roots (2), has not been as firmly established (1). The goitrogenic agent, 
vinyl-thio-oxazolidone, isolated from various Brassica seeds, has thus far 
been demonstrable in the edible portions of only rutabaga and white tur- 
nip (1). 

Using the Brassica-seed diet, striking results have been obtained in rats 
given adequate iodine rations (7). Kennedy and Purves found that during 
the first seven days the thyroid loses the greater part of its colloid. There 
is considerable hypertrophy of the epithelium, the gland as a whole remain- 
ing unchanged in size. During the second week there occurs a rapid in- 
crease in the weight of the entire gland. At fourteen days advanced hyper- 
trophy together with hyperplasia is observed, and complete loss of colloid. 
At the end of the third week the changes are at a maximum. Thereafter, 
a slow thyroid growth continues, paralleling that of body growth in the 
rat. Colloid, absent from the fourteenth day, reappears in significant 
amounts in glands examined subsequent to the fifty-sixth day. Since no 
progressive accumulation of colloid occurs thereafter, it is assumed that 
the thyroid at this period has attained physiologic equilibrium (7). 

Along with these thyroid changes there have been observed hypertrophy 
of the adrenal cortex (7), delay in development of the ovaries of immature 
females (7), and histologic changes in the pituitary (7, 8a). The changes 
in the pituitary (8), particularly, are of fundamental significance in the 
understanding of the mode of action of Brassica seeds in the initiation of 
thyroid enlargement. 
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Of the edible Brassicae, the following have been reported to produce 
goitrogenic activity in experimental animals: 


Brussels sprout (5) rape (2) 
cabbage, white and red (2, 4, 5) rutabaga (1) 
cauliflower (2, 5) savoy (2) 
kohlrabi (2) turnip (2, 9) 


Other vegetables reported to be goitrogenic in animals when given in suffi- 
cient amount are (2): 


bean lettuce 
beet . pea 
carrot peanut 
lentil 


and also soybean and soybean products (2, 10-14). Greer, who has not 
been able to confirm the goitrogenic effect of soybean, suggests that iodine 
deficiency may not always have been satisfactorily excluded as a cause (15). 

It was difficult to explore the possible goitrogenic effects of foodstuffs in 
man until Greer and Astwood conceived of using radioactive iodine uptake 
as an indicator (3). Unexplained and uncontemplated were the results with 
cabbage, the vegetable which originated a widespread quest for food goitro- 
gens. Varieties of cabbage, by this method at least, failed to show any 
decided antithyroid activity in man (3). A most striking effect occurred, 
however, with rutabaga, a close relative. A moderate effect was noted with 
another member of the same genus, white turnip (3, 15), and also (15) with 
the less closely allied foods: 


carrot spinach 
peach strawberry 
pear 


Certain other vegetables and fruits originally thought to have shown anti- 
thyroid activity (3), are now believed by subsequent experiments to be 
questionable in this respect (15). These include: 


apricot honeydew melon 
beet lettuce 

celery orange 

filbert pea 

grapefruit peanut 

grape string bean 


green pepper 


walnut 


Difference in lots and possibly also in individual susceptibility may have 
been responsible for the occasional varying results obtained with any 
given vegetable (3). Range of iodine content of a foodstuff was not thought 
to be a significant factor since the amount of iodine contained in any food, 
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with the possible exception of seafood, was considered too low to influence 
the uptake of radioactive iodine sufficiently. 

Negative results were obtained in human subjects (3, 15) with the fol- 
lowing Brassicae: 


broccoli mustard 
cauliflower radish 


In addition, the following vegetables or fruits showed no antithyroid activ- 
ity in man (8, 15): 


almond olive 
apple onion 
banana pineapple 
black and lima bean potato 
blackberry rice 

corn rye 
cucumber squash 
date tangerine 
loganberry tomato 
mushroom 


Effects of heat and other physical agents upon the antithyroid property 
of these foodstuffs vary (1, 3, 12, 13, 14, 16). It has been reported that if 
cabbage is steamed and kept exposed in the moist state to air, the goitro- 
genicity is not affected (16). On the other hand, drying, with (2) or even 
without (16) cooking, has been shown to destroy this property. In human 
subjects the strongest antithyroid effect of rutabaga was observed when 
raw chunks were fed; a lesser effect was noted when the rutagaba was 
pureed, whereas the result was negative when it was cooked (8). 

Observations concerning the effects of heating and moisture are now 
explained, at least for one known goitrogenic agent, vinyl-thio-oxazolidone, 
isolated from Brassica seeds (1). This substance does not occur free in 
an active form in the plants. Loss of goitrogenicity brought on by heating 
or by grinding the food with alcohol is not due to destruction of thio- 
oxazolidone but rather to the inactivation of an enzyme essential for its 
liberation. With sufficient hydrolysis, enzymatic liberation of thio-oxazoli- 
done ensues. Thus, if Brassica seeds are first finely ground or steeped in 
aqueous solution, even prolonged boiling can no longer affect their goitro- 
genic activity (1). 

The goitrogenicity of soybeans has been reported as only partially in- 
activated by heat (13, 14), and that of unprocessed soybean flour is ap- 
parently destroyed not only by steam but also by fat solvents (ether or 
acetone) (12). On the other hand, it has been observed that fat solvents 
such as ether, ethanol or chloroform do not. remove the goitrogenicity of 
commercial soybean meal (13). 
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The effect of iodine administration upon the goitrogenic property of 
foodstuff has been of especial importance in understanding the modes of 
action of the active agents and in relating these agents to known goitro- 
genic compounds. Recent investigations have shown that iodine in small 
amounts will completely prevent the development of thyroid hyperplasia 
due to soybean rations in rats (12-14) and in chicks (13). Halverson and his 
associates have found that the quantity of iodine necessary is minimal 
(14), so minimal in fact that Greer (15), who has not been able to confirm 
the goitrogenicity of soybeans per se, suggests that perhaps iodine deficiency 
may not have been sufficiently excluded as a cause in these experiments. 
On the other hand, the iodine requirement of animals maintained on 
soybean-containing rations is reported as slightly increased (14), or even 
possibly doubled (12). 

The administration of iodine will not prevent the development of thy- 
roid hyperplasia resulting from a Brassica seed diet (7) but may moderate 
the effect (17). Diiodotyrosine is equally useful in diminishing the goi'ro- 
genic action of a rape-seed diet upon rats, but will not abolish this action 
even in large doses (17). Thyroxine, however, given daily is wholly effective. 
From these findings it may be concluded that the positive goitrogenic agent 
of the Brassicae acts through interference with the synthesis of thyroxine 
by the follicle cells of the thyroid gland (17) and further, that it operates 
in similar fashion to drugs such as thiouracil and its derivatives. 

Other studies not only substantiate such similarity but also show that 
the goitrogenic agent of Brassica seed probably acts though the medium 
of the thyrotopic hormone of the pituitary (8). In the first place, as Gries- 
bach and his associates have demonstrated, upon feeding Brassica seed 
to rats there ensues thyroid hyperplasia with concomitant changes in the 
anterior pituitary, such as an increase in the basophil cells (presumably 
the source of thyrotropic hormone) and the appearance of “signet cells” 
similar to those seen following thyroidectomy (8a). After reaching a maxi- 
mum at fifty-six days, however, the basophils apparently approach a 
more normal picture (8a) at a time when colloid reappears (7, 8a) in the 
hyperplastic thyroid. Secondly, the hyperplasia previously induced by Bras- 
sica-seed feeding rapidly regresses after hypophysectomy, despite continued 
administration of Brassica seeds (8b). Thirdly, the thyrotropin content of 
the serum of animals on a Brassica-seed diet is raised to the same level as 
that induced by thyroidectomy (8c). 

Thus, to produce thyroid hyperplasia, the Brassica-seed diet requires 
the intervention of thyrotropic hormone (8b). The chain of events might 
therefore be similar to that following administration of the antithyroid 
drugs of the aminobenzene and thionamide series (18, 19): thyroid enlarge- 
ment is produced by interference with formation of thyroxine; the pitui- 
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tary in turn is stimulated to increase its output of thyrotropic hormone; 
and this leads to further hypertrophy, and to hyperplasia of the thyroid 
gland (15). 

The goiter resulting from overfeeding with cabbage may differ from that 
effected by Brassica seeds and rutabaga (1). Iodine administration has 
been reported to prevent completely the development of “cabbage goiter’ 
(4b), whereas it only partially inhibits the Brassica-seed goiter (1, 7, 17). 
Moreover, antithyroid activity, as demonstrated with Brassica seeds in 
radioiodine uptake studies, so far has not proved significant with differing 
varieties of cabbage in rats or man (1, 3, 15). Consequently it was to be 
expected that either (a) there is no goitrogenic agent in cabbage and that 
some other factor, such as iodine deficiency for one, may provide the stimu- 
lus for “cabbage goiter’, or (b) the goitrogenic principle in cabbage is 
effective or present only under certain circumstances. Vinyl-thio-oxazoli- 
done, the goitrogenic agent in Brassica seeds, has not been demonstrated 
in cabbage (1). 

There may be a seasonal and species difference in the goitrogenic content 
not only of cabbage but of rutabaga as well (15), and possibly of other 
foodstuffs. This difference may depend, as Greer has suggested, on a varia- 
tion of soil, sun, rainfall and reducing substances present in the food (15). 
The influence of soils, water and season has long been suspected and long 
sought out in the earlier investigations on goiter, and has been attributed 
to such characteristics as, for example, the iodine poverty of soils, infectious 
agents in water and insufficient ultraviolet irradiation. Now there appear 
to be other possible predisposing or causative factors as well, which may 
operate through the environment of our flora and fauna. There would thus 
appear to be no simple equation to account for the development of all 


goiters. 
FOODS OF ANIMAL ORIGIN 


Less is known concerning the goitrogenic effects of animal products. 
Some antithyroid effect was at first noted in man from such foods as milk, 
custard and liver, by use of the method of radioiodine uptake (3). Further 
investigation however appears to have cast some doubt on the significance 
of these specific results (15). 

Liver, one of the foods tested by the principle of radioactive iodine 
(I!*!) uptake (3, 15), has been reported to be ‘‘antithyrotoxic”’ in man (20). 
It may display goitrogenic activity in animals (21, 22). Rats fed a diet 
containing soybean flour, millet seed and liver showed enlargement of the 
thyroid (21). The size of the gland thus encountered far exceeded that 
observed when dried beef was substituted for liver or the liver was ex- 
tracted with alcohol. Again, similar enlargement ensued upon addition of 
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the residue from the alcohol extract of liver to the diet containing dried 
beef (21). Soybean flour was kept constant in these varying diets and most 
likely, therefore, could not have influenced the differences observed. A 
positive goitrogenic action has also been ascribed to liver by Remington in 
an experiment designed to exclude iodine deficiency as a factor (22). 

Early investigations yielded evidence that under certain circumstances 
enlarged thyroid glands may be associated with high protein diets (15). 
“Under certain circumstances” should be underlined. Again, other factors 
necessary to thyroid health or causative in thyroid disease may have played 
the etiologic role. The availability of a large amount of protein in the ab- 
sence of other needed substances might have upset the normal balance. 

That balance may be an important consideration received support from 
a study demonstrating the relative proportion of animal fats and proteins 
to carbohydrates as at least a contributing factor in the production of 
goiter (23). This ratio, it would appear, was a determining factor as to 
where goiter would develop in Oberbaden, an area in which goiter is en- 
demic (23). Careful analysis of the diets revealed that fats and proteins were 
consumed more copiously in “‘goitrous’’ that in ‘‘nongoitrous” households. 
Carbohydrates in the form of bread and pastries, and vegetable fat such 
as margarine, were used more extensively in the ‘‘nongoitrous’”’ households. 
Seafood, which would have been a suitable source of iodine, was consumed 
only negligibly in both the “goitrous” and the “nongoitrous”’ households. 
No significant difference could be shown in the total iodine ‘content of 
the foodstuffs of the two groups (23). It would be interesting to know 
whether there were any dissimilarities in vegetable consumption among 
the two groups. 

In rats receiving a diet corresponding to that of the “goitrous’”’ house- 
holds, enlarged thyroids developed with microfollicular structure, high 
epithelium and but little colloid (23). The eosinophil cells of the anterior 
hypophysis were increased; the iodine content of the thyroid was reduced 
and the urinary iodine was augmented. Rats receiving food representative 
of the diet in “‘nongoitrous” households showed none of these changes. 
However, when the fat and meat portion was increased five times, at the 
expense of carbohydrate, again thyroid hyperplasia, with attendant histo- 
chemical and associated hypophyseal changes, was encountered. A suffi- 
cient relative increase of the.carbohydrate portion in the diet of ‘“‘goitrous”’ 
households prevented thyroid and hypophyseal changes in rats. Moreover, 
sufficient iodine was found to prevent the sequelae of meat-and-fat-rich 
diets (23). 

From these findings one may surmise that in areas of endemic goiter 
the use of relatively large quantities of animal fat and protein can further 
aggravate a situation of iodine lack. This hypothesis remains to be con- 
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firmed. There is confusion regarding the role of high proteins. As for fats, 
Remington (24) and Rogers and Eckstein (25) have shown that dietary 
fat (24, 25), regardless of type or amount (24), has no demonstrable in- 
fluence upon the weight or structure of the thyroid gland. 

Lack of protein, rather than its overabundance, has been considered 
in one report to be an etiologic factor in the increased incidence of goiter 
in Germany following World Wars I and II. The reason given is the lesser 
frequency of goiter observed among the socially higher strata (26). How- 
ever, protein can hardly have been the only consumed food substance which 
distinguished rich from poor, particularly in a war-ravaged nation. 

In patients suffering from hyperthyroidism (toxic goiter), a uniform 
tendency to select a diet containing a subnormal number of protein calories 
has been observed (27). When given a diet containing the normal percent- 
age of protein, the patient with toxic goiter tends constantly to revert to 
his own preference for a subnormal protein intake. Whether this tendency 
is one of organic self-preservation in the wake of disease or an individual 
habit pattern conducive to the development of toxic goiter, might be im- 
portant to investigate. 

VITAMINS 

It comes as no surprise that one or other of the vitamins has been thought 
to play some role in the normal activity of the human thyroid gland. Vita- 
mins are often regarded as an invincible shield by the public and are a 
continued source of renewed interest to the research minded physician. 
They have well known properties vitally needed by the human body and 
may possess, in addition, as yet unrevealed qualities of equally great 
significance. 

At least one vitamin may be involved in those complex mechanisms 
which eventually lead to the elaboration of the thyroid hormone. With 
avitaminosis A, hypertrophy of the thyroid of the female rat and atrophy 
in the male have been encountered (28). It has been reported that thyroid 
weight is increased (28, 29) in vitamin A deficiency; that the iodine metab- 
olism, as demonstrated with radioactive iodine, is abnormal (29); and 
that the rate of formation of thyroxine is decreased (29). 

In hypervitaminosis A, on the other hand, there may ensue a reduction 
in thyroid weight (30) and a diminution of the colloid within the thyroid 
follicles (31). In addition, increases in the pituitary, muscle and serum 
protein-bound iodine levels and a marked decrease in the hepatic iodine 
have been noted (32). These changes suggest the following trend of events 
(32): Because destruction of thyroxine by the liver is reduced, there is 
an increase in the circulating thyroxine. Decreased thyrotropic hormone 
formation results, with aneventual diminution in both theweight and iodine 
content of the thyroid gland (32). Since the effects on iodine levels are 
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more noticeable when vitamin A is fed alone rather than in conjunction 
with iodine, it has been concluded that the vitamin does not reduce thyro- 
tropic secretion by formation of vitamin A-iodide or thyroxine compounds 
(32). 

Vitamin A given in massive doses to patients with hyperthyroidism re- 
sults in a rapid decrease of the basal metabolic rate, an increase in the level 
of the blood cholesterol and an improvement of the symptoms (33). 

That synergism, or even antagonism, may play a role in the production 
of goiter is indicated by the work of Bruman and Blomberg on Vitamin D 
(34). They suggest that the contradictory results obtained by different 
investigators with acetonitrile are due to a seasonal variation, the anti- 
thyroid activity of this substance being most apparent in the winter. The 
seasonal variation is attributed to a relative vitamin deficiency, for the 
thyroid hyperplasia ordinarily produced by acetonitrile in winter animals 
was found to be prevented by either ultraviolet rays or vitamin D. Syner- 
gistic action between vitamin D and the thyroid hormone is thus suggested 
(34). This hypothesis, if substantiated, may also explain differences ob- 
served in goitrogenicity of winter and summer cabbage (5). 

There have also been attempts, with varying results, to implicate vi- 
tamin B (35, 36) and vitamin C (37-39). Harris and Remington came to 
the conclusion that vitamin B; cannot be substituted for iodine in prevent- 
ing low-iodine goiter (36). Likewise, the role of vitamin C in the develop- 
ment of goiter has been questioned. Attempts to show that there is no 
protection against goitrous changes in a scorbutic diet (37) have been un- 
confirmed (38). Although large thyroids have been reported to result from 
diets deficient in vitamin C (37, 39), it is now suggested that the increased 
size of these glands may have been chiefly due to extravasated blood (15). 

In an investigation of ‘‘mass” goiter among Red Army soldiers, results 
indicated that vitamin supplements in the form of cod liver oil, lemons with 
the peel present, and yeast, would effectively involute goiter in 9 out of 
10 subjects, improvement being noted as early as the third day in 1 patient 
(40). Either customary circumstances, or improved sanitary conditions and 
leisure, or administration of calcium iodide apparently had no significant 
advantage. Might the calcium have counteracted the effect of the iodine in 
the calcium iodide? Was the thyroid enlargement simple goiter? 


SPECIFIC ELEMENTS 


Iodine has been securely established as a most important element in 
the normal function of the thyroid gland. Several other chemical substances 
or minerals which may or may not be found in foods have been investigated 
for goitrogenicity, or conversely, for their value in the prevention of en- 
demic goiter. First, there are the other closely related halogens which 
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might, hypothetically at least, replace iodine in the synthesis of thyroid 
hormone. Until recently, bromine has not received much consideration 
(41, 42). Thyroids of mice given potassium bromide show an increased 
secretory activity. Moreover, these thyroid glands, when transplanted, 
induce an accelerated metamorphosis of tadpoles (41). Another experiment 
with the halides demonstrates that each of the non-iodine halides (bromine, 
chlorine and fluorine) may cause distinct augmentation of the goitrogenic- 
ity of the thiouracils, fluoride exerting the greatest action (42). 

Such a role of fluorine, at least, may be consistent with findings which 
correlate the distribution of endemic goiter in the Punjab (India) and in 
England with the geologic distribution of human dental fluorosis (mottled 
enamel) (43). For example, dental fluorosis has been noted among school 
children in two areas of high goiter incidence in Somerset, whereas it was 
absent in an adjoining nongoitrous area (43). Experimental work with 
fluorine seems to show that this substance will induce in the rat hypoplasia 
of the thyroid epithelium and an altered staining reaction of the colloid 
(44). Extensive clinical work has led May to advocate fluorine in the treat- 
ment of toxic goiter (44). 

Steyn’s investigation in South Africa seems further to bear out the pos- 
sibility of a fluorine-iodine antagonism and shows that at least in some 
areas of endemic goiter excessive quantities of fluorine in the drinking 
water may play a role (45). Since fluorine is being used in certain sections 
of South Africa to prevent dental caries, Steyn feels the problem has be- 
come of the utmost practical importance, particularly in obstetrics. He re- 
ports, however, that these harmful effects of fluorine can be counteracted 
by the administration of iodine, whereas they may be intensified by a high 
calcium content of drinking water (45). 

Calcium is an element which has often been associated with the devel- 
opment of goiter (46-48). A high calcium diet apparently results in a 
greater and more rapid increase in the size of the thyroid glands of those 
animals maintained on a low-iodine intake (46). Increase in iodine con- 
sumption abolishes this effect (46). Perhaps the mode of action of high 
calcium in the production of goiter is through a combination of this element 
with iodide, or perhaps the role of iodine deficiency again has not yet been 
sufficiently ruled out as the causative factor. Other elements related to 
calcium have not been investigated as thoroughly. Silver and barium when 
in traces in drinking water have been found to bear no relation to the 
development of goiter (49). 

Another element which has received considerable attention as a poten- 
tially goitrogenic substance is arsenic. Scott has reported that the incidence 
of goiter, cretinism, and deaf-mutism in the Styrian Alps, home of the ‘‘ar- 
senic-eaters,”’ is considerable (50). Perhaps arsenic through its action of 
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combining with sulphydryl groups, might impair one of the significant 
oxidation-reduction systems within the body and thus influence thyroid 
activity. Hesse has observed that arsenic limits the toxicity and prevents 
the death of animals ‘‘poisoned” by thyroxine and thyroid (51). 

Sharpless and Metzger became interested in the goitrogenic effect of 
arsenic because of the wide use of this substance as an insecticide and anti- 
syphilitic (52). Arsenic fed to animals in nontoxic amounts had a slight 
but not significant goitrogenic effect. However, with an arsenic concentra- 
tion of 0.02 per cent in the diet, growth was decreased 50 per cent, iodine 
concentration of the thyroid diminished and thyroid weight significantly 
increased. Moreover, the iodine requirement was more than doubled. The 
administration of iodine was found to reduce the goitrogenic action as 
well as the toxicity of small amounts of arsenic (52). 


GOITROGENIC COMPOUNDS 


In addition to those elements which may be either goitrogenic or goitro- 
prophylactic, there are various compounds which have produced definite 
effects. They are important to consider here since they or related substances 
may, like vinyl-thio-oxazolidone (1), be among the agents present in food- 
stuffs, which when given in sufficient amount, can lead to the development 
of goiter. 

The early work which demonstrated the goitrogenic tendencies of these 
compounds was, at its beginning, incidental. Thus the MacKenzies and 
McCollum were investigating the effect of sulfaguanidine upon the bac- 
terial synthesis of vitamins in the rat intestine when they noted that en- 
largement of the thryoid had occurred (53). Similarly, Richter and Clisby, 
while studying the effect of bitter-tasting substances in rats, found that 
phenylthiourea would induce goiter (54). 

Extensive speculation has revolved around the nature of the active 
agent responsible for goitrogenic activity in the cabbage family. Marine 
and his coworkers thought the mustard oils (isothiocyanates), often des- 
cribed as the most characteristic compounds of the genus Brassica, to be 
responsible (55). However, when tested in the rat these were found to be 
inactive. Marine et al. then showed that the cyanides, and particularly 
acetonitrile, were substantially goitrogenic (55). Many investigators, how- 
ever, have been unable to confirm these findings (56, 57). One explanation 
for this variance in results may be found in the work of Bruman and Blom- 
berg (34), which would indicate that the goitrogenicity of acetonitrile is 
seasonal, depending upon the absence of vitamin D for its action. This or 
some similar situation may be the key to the differences observed in winter 
and summer cabbage. 

When the goitrogenic properties of thiourea became known, consider- 
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ation was directed to thiourea or related substances as the antithyroid 
factor present in foods, especially since it was known that the mustard oils 
could be converted by ammonia to the thioureas. Allylthiourea was sug- 
gested by Kennedy as a possibility (58), for the administration of this 
substance to experimental animals was found to produce an unusually 
hyperplastic thyroid. This enlarged thyroid has been described as of the 
“‘Basedow”’ type, and that resulting from benzylthiourea as of the “‘struma 
diffusa parenchymatosa” type (2a). If such results are to be expected, 
then perhaps it is true that a slight change in radical can induce a great 
change in histopathology. 

Thiocyanate, which has been shown to produce thyroid enlargement (59), 
might also be considered a likely factor. Although the goiter produced by 
Brassica seeds cannot (7, 17), as in the case of thiocyanate goiter (57, 
60), be completely prevented by a sufficient iodine intake, goiter due to 
edible cabbage (4b) is in this way averted. Thus, thiocyanate, which ap- 
parently may be liberated by enzyme hydrolysis from cabbage (15, 61), 
has not yet been ruled out as a responsible goitrogenic agent in foodstuffs, 
cabbage in particular. 

In 1943 Astwood and his coworkers discovered a modified thiourea com- 
pound, thiouracil, which was found to possess powerful metabolism-inhib- 
iting qualities (18). Along with depression of the basal metabolic rate (62— 
64) and growth retardation (65), the ensuing thyroid hypofunction pro- 
duced by thiouracil is paralleled by gross as well as microscopic changes 
in the thyroid gland both in experimental animals and in man. As with 
promizole administration in rats (66), thyroid hypertrophy, hyperplasia 
and colloid depletion result (67, 68), and withdrawal of the drug is followed 
by regression of these findings (67, 68). Furthermore, prolonged use of 
thiouracil in rats may, as has been recently observed, induce nodular 
hyperplasia (69) and even varying forms of benign thyroid tumors (70). 

By the experimental use of the various goitrogens, not only do their 
specific effects upon thyroid function become clarified but also thyroid 
function itself (71). The first stage in thyroxine formation (71) lies in the 
iodide-concentrating mechanism and appears to be a complex ionic effect. 
Iodide and thiocyanate vie for the same enzyme systems throughout the 
body (72). Thiocyanate goiter results from interference with the iodide- 
concentrating mechanism of the thyroid cell (72-75) in what may be des- 
cribed as a mass-action effect of the administered anion (72) and can be 
prevented by the administration of sufficient iodine (57, 60). 

In the second stage the concentrated iodide ions are oxidized through 
tissue redox systems into “free iodine” (71). The free iodine then reacts 
with tyrosine to form diiodotyrosine. Compounds such as carbon mon- 
oxide, the cyanides, azides and sulfides, in vitro at least (76), and likewise 
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the thiourea and thiouracil derivatives (77), may prevent thyroid hormone 
synthesis by blocking the iodination of hormone precursors. This effect 
may occur through interference with the cytochrome-cytochrome oxidase 
and peroxidase enzyme systems (76, 78, 79) or by direct reaction of the 
antithyroid compound with iodine (71, 77). Aniline derivatives may like- 
wise compete with tyrosine for available iodine (78) or, as in the case of 
sulfanilamide, exert an inhibitory effect upon the peroxidase system (80), 
responsible for the liberation of ‘‘free iodine’’ from iodide. 

In the third stage two diiodotyrosine molecules conjugate to form thy- 
roxine (81) by means of an enzyme system (71, 76). Again, the same sub- 
stances interfering either directly or through enzyme systems with the 
liberation of free iodine from iodide or with the reaction of the available 
iodine with tyrosine, may also block this conjugation. Aniline derivatives, 
such as p-aminobenzoic acid and sulfanilamide, may act through a com- 
petitive mechanism in the enzyme system responsible for the conversion 
of diiodotyrosine to thyroxine (57, 71); the thiouracils may vie with diiodo- 
tyrosine for oxidation (71). 

There is some indication also that normally tyrosine competes with 
thyroxine in the tissues and apparently is goitrogenic when the intrinsic 
source of thyroxine is cut down by feeding thiouracil (71, 82). 

In rats fed thiouracil the lowest level of metabolic rate, 40 per cent 
-below normal, has been attained in seventeen days (83). Cretinism itself 
can be induced in the young of rats receiving methylthiouracil during 
the period of lactation, and is reversible when the young are separated 
from their mothers (84). Unlike a parallel case of a cretin born to a hyper- 
thyroid woman receiving this drug (85), cretinism and mortality of the 
young rats did not ensue when methylthiouracil was administered during 
gestation alone (84). 

The cretin child born of a methylthiouracil-treated hyperthyroid mother 
lived but one day (85). The infant’s thyroid was greatly enlarged and con- 
tained no colloid. In another newborn infant under similar prenatal cir- 
cumstances, exophthalmos and signs of hyperthyroidism were encountered 
(86). Generally, however, normal children may be expected from hyper- 
thyroid mothers receiving thiouracil medication (87, 88), provided there 
is no overdosage. Overdosage would result in the production of a hypothy- 
roid state with insufficient thyroid hormone to take care of in utero 
requirements (87). Moreover, the thiouracils pass the placenta and thus 
may directly affect the fetal thyroid. These studies may cast some light, 
when more facts are available, on the relation of the goitrogens in foods 
to the appearance of endemic and sporadic cretinism, as well as that of 
other thyroid disturbances in the newborn. 

The action of iodine administered along with the thiouracils is similar 
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to that when administered along with Brassica seed (7, 17). Its effect is 
not as extensive as with thiocyanate (57, 60) or with a soybean diet (12-14). 
The simultaneous administration of iodine along with the thiouracil- 
like drugs does not entirely prevent their goitrogenic action (89, 90) but, 
in sufficient amount, can reduce it (90). Diiodotyrosine in high dosage is 
likewise only partially inhibitory to the action of thiouracil, and like 
iodine under similar circumstances, accumulates in the nonprotein-bound 
fraction. On the other hand, thyroxine (18, 90), or even hypophysectomy 
(18) can prevent the thyroid hypertrophy induced by the thiouracils. These 
results with thiouracil compounds parallel those with a Brassica-seed diet 
(17) and thus suggest a close relationship between the thiouracils and the 
goitrogenic principle of the Brassicae. 

Presence of naturally occurring ‘‘antithyroid’’ substances has been 
sought in animal sources, as well as in plants. One such compound tested 
is the erythrocyte ergothioneine, belonging to a group of mercaptoimi- 
dazoles which exert an “antithyroid” potency (91, 92). Red-cell ergothione- 
ine has been observed to decrease in patients with hyperthyroidism (93); 
moreover, it has been found to inhibit, in vitro, the conversion of acetyl- 
diiodotyrosine to acetylthyroxine (94). The experiments of Astwood and 
Stanley (95, 96) and of Wilson and McGinty (97) would seem to show that 
ergothioneine in substantially large doses is inactive in man, rats and 
monkeys, whereas the experiments of Lawson and Rimington (98) indi- 
cate that ergothioneine has an antithyroid activity in rats equivalent to 
that of thiouracil. 

In late 1949, seven years after Astwood’s original work on thiouracil, 
Greer, Ettlinger and Astwood (1) isolated a compound similar to thiouracil, 
L-5-vinyl-2-thio-oxazolidone from the seeds of rutabaga, turnip, cabbage, 
kale and rape, and then synthesized this substance in its racemic and 
optically active forms. All have an equal antithyroid activity, being one 
fifth as active as thiouracil in the rat and slightly more active than propyl- 
thiouracil in man. Presence of vinyl-thio-oxazolidone in Brassica seeds 
apparently explains the parallelism in mode of action of these seeds and 
of thiouracil (8, 15, 17, 18, 19, 90). 

It was concluded from the amount of thio-oxazolidone isolated and its 
activity, that this was at least predominantly, if not probably the only, 
goitrogen contained in these seeds (1). A spectroscopically similar com- 
pound was detected in the seeds of Chinese cabbage, Brussels sprouts, 
broccoli and kohlrabi (1). It could not be demonstrated in cauliflower, 
mustard or radish. Although the seeds of most Brassicae tested apparently 
contained thio-oxazolidone or its like, the edible portions of none except 
rutabaga and white turnip yielded a detectable quantity of this com- 
pound. 
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DISCUSSION 


Over a period of many years the iodine-deficiency hypothesis has 
afforded our most satisfying explanation of the pathogenesis of ‘‘simple”’ 
or endemic goiter. Nevertheless, among those complex physicochemical 
mechanisms known to ensue in the elaboration and output of the thyroid 
hormone, admittedly there is more than one factor which can, by its 
presence or absence, upset the proper balance ordinarily maintained in the 
normal activity of the thyroid gland. As a consequence, still other “‘defi- 
ciencies” and also “toxic” and even “‘infectious” agents are constantly 
being sought in a further effort to explain the still unexplored complexities 
of the function of the thyroid cells. 

The usual medium through which the essential building materials, as 
well as interfering substances, may enter the organism is by way of the 
foodstuffs. Evidence now reveals that in addition to iodine lack, certain 
substances present in foods may contribute to goitrogenesis. 

Of the foodstuffs which are most apt to produce experimental goiter 
in animals, members of the cabbage family (Crucifers) of the genus 
Brassica have been the most widely explored (2, 4, 5, 7, 9). Several other 
vegetables when fed in abundance over a sufficient period of time to experi- 
mental animals have also been reported to produce thyroid hyperplasia 
(2, 10-14). An antithyroid effect of foods has been demonstrated also in 
man by employing the method of radioactive iodine (I'*') uptake (1, 3). 
There may be some animal species difference in degree of response. 

In addition, certain animal products have been suggested as possibly 
antithyroid (3, 21, 22). Whether this property may be due to the presence 
of agents similar to those in plant foods is an engaging question, and 
whether it may reflect the dietary habits of the animals from which the 
products are derived, is another. Even such foods as animal protein and 
animal fat, in relative excess (23), have been reported as predisposing 
factors in an area of endemic goiter. With regard to protein and fat, other 
conflicting ideas have been expressed (24-27). 

The agents in foods responsible for goitrogenesis apparently differ. The 
effect of some, as of soybean (12-14) and perhaps even of cabbage (4b), 
is completely counteracted by the administration of iodine, even in small 
amounts (12-14). On the other hand, the goitrogenic potency of foods 
such as rutabaga, white turnip and the Brassica seeds (7, 17) can, at most, 
be only modified by the administration of iodides. In this respect, as well 
as in the induced histologic changes, the goitrogenic food substances re- 
semble the differing antithyroid compounds now under clinical investiga- 
tion. 

Various compounds have in the past been proposed as those specific 
agents present in foods which may induce goitrogenesis. These have 
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included the isothiocyanates (55), the cyanides, particularly acetonitrile 
(34, 55), andallylthiourea (58). Such compounds, however, have never 
been established as the responsible antithyroid ingredients. Conversion 
products of any of these, such as thiocyanate, may still be a possibility 
in certain foods. 

L-5-vinyl-2-thio-oxazolidone is the first of the goitrogenic compounds 
to be isolated from any food and, moreover, synthesized. It has been dem- 
onstrated as the active agent in Brassica seeds and in the edible portions 
of rutabage and white turnip (1). More extensive investigation of the 
thiouracils, as well as of the aniline derivatives, may give us a needed 
further insight into the problem of food goitrogenesis. A study of plant 
and animal enzymes in relation to these compounds may further aid in the 
solution of this problem. 

Vitamins, at least vitamin A, appear to play some role in thyroid 
pathology, either by deficiency (28, 29) or excess (30-33). Interacting 
circumstances may contribute to goitrogenesis, as is suggested for example, 
by the action of acetonitrile in the absence of vitamin D (34). Certain 
chemical elements in food besides iodine also have been shown to bear a 
relation to the development of goiter. These include fluorine (42-45), 
calcium (46-48), and arsenic (50-52). Two questions which must probably 
bide their time are: (a) Are there also antigoitrogens in food, and (b) 
do extrinsic, if not intrinsic, enzymes ever function as goitrogens or anti- 
goitrogens? A deficiency in the intrinsic enzymes essential to normal 
function of the thyroid cell is at least hypothetically possible and could, 
in such an instance, act as a goitrogenic stimulus. 


SUMMARY 


Foods, as well as their various components, have been discussed in 
relation to the pathogenesis of endemic goiter. 

Certain plant foodstuffs, when copiously and persistently consumed 
have been shown to produce thyroid hyperplasia in experimental animals. 
Moreover, certain of these foods appear to be antithyroid in man, at least 
as demonstrated by the inhibition of radioiodine uptake, Particularly, 
members of the cabbage family have been reported to show such tenden- 
cies. The modes of action of the Brassicae (chiefly the seeds) and soybeans 
differ; the former being partially reversible and the latter, completely 
reversible, with iodine. This suggests that varying agents may be present 
in the foods. For that matter, varying agents may be present among the 
edible Brassicae themselves. Usually, when the responsible goitrogen has 
not as yet been isolated, one can expect a question as to the role played by 
iodine deficiency. This is particularly true in those cases in which goitro- 
genic action of a foodstuff is completely counteracted by iodine. 
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Various compounds have been held responsible for the goitrogenicity 
exhibited by certain foods. Convincing proof, however, has been lacking 
until the recent discovery and isolation of L-5-vinyl-2 thio-oxazolidone 
from Brassica seeds and then its synthesis. Of the edible portions of the 
Brassicae, only rutabaga and white turnip thus far have been shown to 
contain this principle. Other substances suspected as the goitrogenic 
agents in foods, but not conclusively demonstrated, have included the iso- 
thiocyanates, cyanides and thioureas. Thiocyanate and the thiouracil and 
aniline derivatives, now under extensive investigation with regard to the 
pathogenesis of thyroid disease, are increasing the range of possibilities. 

Certain animal foods have also been discussed as to the presence of 
antithyroid substances. Elements of the halogen group, arsenic and cal- 
cium have been reported under certain circumstances to bear some relation 
to the origin of goiter. Vitamin A deficiency and hypervitaminosis A have 
been noted to produce changes in the normal structure of the thyroid gland. 

There are also other factors such as infectious processes and undue 
bodily demands, physiologic and pathologic, which either influence thy- 
roid health directly or indirectly through their effects on the absorption 
and metabolism of these foodstuffs consumed. 


CONCLUSION 


With a well-balanced diet, barring deficiency of vital factors such as 
iodine, and barring excess goitrogens, simple goiter could most likely in 
large measure be avoided. 
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EXCRETION OF STEROIDAL SUBSTANCES 
BY THE ADRENAL CORTEX IN 
VARIOUS DISEASES* 
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M.D.,t R. H. KYLE, M.D.§ anp R. W. KEETON, M.D. 


From the Department of Medicine, University of Illinois College of Medicine, 
Chicago, Illinois 


OR many years it has been suspected that the adrenal glands play 

an important role in the pathogenesis of diseases not etiologically 
related to these glands. Further, it has been suggested with increasing 
frequency that the adrenal cortex plays a vital role in known and unknown 
homeostatic mechanisms which have sufficient lability to maintain physio- 
logic function but which, when deranged, may ameliorate, complicate or 
actually cause disease itself. 

Since it was not possible in this study to evaluate the adrenal glands 
completely by all of the known tests, we selected the determination of 
urinary phosphomolybdate-reducing substances, which have at times been 
designated as “neutral reducing lipids,’ and 17-ketosteroids as having 
significance indicative of the physiologic state of the adrenal cortex. These 
phosphomolybdate-reducing substances will be referred to in the remainder 
of the paper as Ph.S. 

Other groups have studied several aspects of this problem using dif- 
ferent methods for cortical steroid determination (1—5). 

This is a preliminary report on the activity of the adrenal cortex in 
disease. We are in the process of examining some of the diseases in more 
detail, and these results will be set forth in future publications. The inade- 
quate tests, the complexity of the responses of the adreno-endocrine sys- 
tem, and the myriad of poorly understood or unrecognized labile physio- 
logic mechanisms render any report at this time only a series of observa- 
tions which may serve as a springboard for more fruitful, orderly, and 
specific investigation concerning the pathogenesis of various diseases as 
related to the adrenals. 
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~ METHODS OF STUDY 


Patients from the wards of the hospital were used. They were kept under 
constant conditions of activity, diet and medication during this study. 

Determinations were carried out on 24-hour urine specimens. Although 
it has been shown that the output of 17-ketosteroids in a 24-hour period 
is only approximately constant from day to day in a given subject (6, 7, 8), 
the fluctuations are not marked (9). 

The method used for the determination of Ph.S. in urine was that of 
Heard and Sobel (10). The 17-ketosteroids were determined by the method 
of Robbie and Gibson (11). The epinephrine test of adrenal response was 
that of Recant (12). 


Normal values 


In 6 males whose average age was 30 years, the normal average value 
for 24-hour urinary excretion of Ph.S. was 1.7 mg. (range, 1.25 to 2 mg.), 
and of 17-ketosteroids 11.5 mg. (range 8 to 14.2 mg.). In 5 females whose 
average age was 27 years, the Ph.S. value was 1.3 mg. (range, 1.2 to 1.6 
mg.) and 17-ketosteroids, 8 mg. (range 6.5 to 10 mg.). All estimations were 
made by the same workers. 


RESULTS AND DISCUSSION 
Hypertensive states 


It has been shown (13, 14, 15) that bilateral adrenalectomy prevents 
the development of hypertension which is produced by the constriction of 
renal arteries and that the hypertension so induced is not maintained if 
the adrenals are removed. It is also well known that impaired adrenal 
function is clinically associated with hypotension. Goldblatt (16) thinks 
that of the endocrine organs the only one that may possibly play a signifi- 
cant role, if only a secondary part, is the adrenal gland. 

Excessive administration of desoxycorticosterone acetate along with 
salt may cause hypertension in Addison’s disease (17, 18, 19), in adrenal- 
ectomized animals (20) and in normal and hypertensive animals (20, 21, 
22). However, even very large doses of adrenal cortical extract have failed 
to produce hypertension. The production by Selye (23) and his co-workers 
of nephrosclerosis, hypertension, periarteritis nodosa, and rheumatic le- 
sions by the administration of desoxycorticosterone acetate (24) or 17- 
hydroxy-11-desoxycorticosterone (25) and sodium chloride in several 
species of animals has been the best experimental attempt to relate the 
adrenal cortex to hypertension and the kidney. 

Small adenomas of the adrenal cortex have been described in about 
1.45 per cent of all autopsies, and patients showing these changes fre- 
quently exhibit hypertension in life (26). Hyperplasia of the adrenal cortex 
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associated with hypertension has been described (27). This has been ques- 
tioned by others (28). Dempsey (29) has stated that hypertension is not 
necessarily accompanied by any specific alteration in the structure of the 
adrenal cortex and that the size of the adrenal cortex is not altered by the 
existing hypertensive state. 

In our series of 24 cases of hypertensive diseases (Table 1), the excretion 
of 17-ketosteroids was decreased. The excretion of Ph.S. was increased 


TABLE 1. URINARY 17-KETOSTEROIDS AND PH.S. IN HYPERTENSIVE PATIENTS 


Pa- Eosino- 
Case| tient, | | Urine | B.P. | Ocular phils 
No. ini- albumin | (mm. Hg)! fundi ms per cu. 

2 rs. | hrs. 

tials mm. 

1 | W.P. | F | 22 | Essential hypertension trace 240/154 | Gr. II 1.8 5.0 200 

2|M.F. | F | 41 | Essential hypertension + 230/130 | Gr. I 2.6 5.2 142 

3 | S.H. F | 30 | Essential hypertension nil 190/120 | Gr. I 2.1 5.5 186 

4|M.W.| F | 40 | Essential hypertension nil 190/130 | Gr. I 2.2 5.8 133 

&) TSB. F | 55 | Essential hypertension —_— 262/150 | Gr. II 1.2 4.2 od 

6 | G.G. M | 33 | Essential hypertension — 220/130 | Gr. II 2.2 6.5 133 

7 |M.M.| F | 42 | Hypertension, hirsutism, obesity trace 182/104 | Gr. I 3.2 | 14.08} 120 

8 | M.C F | 43 | Hypertension, hirsutism, obesity trace 184/112 | Gr. II 2.9 5.0 103 

9} G.C M | 27 | Ess. hypertension & rheumatic | nil 190/40 Gr. II 3.2 5.5 300 

heart disease 

10 | M.B F | 64 | Hypertension & arteriosclerosis trace 185/110 | Gr. I 1.3 3.5 ~- 

11 | M.H. | F | 52 | Ess. hypertension & diabetes nil 228/130 | Gr. II 2.2 4.2 180 

12 | B.G F | 66 | Ess. hypertension & diabetes _ 180/110 | Gr. IV | 4.5] 3.2 20 

13 | A.H F | 49 | Ess. hypertension & diabetes trace 240/140 | Gr. III 2.4] 3.2 200 

14 | H.R M | 28 | Ess. hypertension & obesity + 160/100 | normal 1.6} 5.8] 260 

15 | J.F. M | 45 | Ess. hypertension with early failure | +++ 185/140 | Gr. III 3.4 4.8 —_ 

16 | T.J. F | 62 | Ess. hypertension with early failure | +++ 200/110 | Gr. III 2.7 3.0 _ 

17 | G.N M | 62 | Ess. hypertension with early failure | trace 170/90 Gr. I 2.4 5.8 — 

18 | E.T. M | 58 | Ess. hypertension with early failure | nil 170/110 | Gr. I 2.7 3.45 50 

19 | E.M. | M | 23 | Diabetes & hypertension (K.W.S.) ||| +++ | 170/100 | Gr. IV | 3.4] 3.5} 178 

20 | F.S.* | F | 48 | Diabetes & hypertension (E.W.S.)||| +++ | 266/142 | Gr IV | 3.65) 2.8 5 

21 | G.L. | M | 26 | Diabetes & hypertension (K.W.S.) ||| +++ | 210/120 |} Gr. IV | 3.2! 4.0 

22 | R.R. M | 19 | Renal rickets, hypertension, uremia | +++ 150/105 | Gr. II 2.8 3.2 72 

23 | V.F.t | F | 48 | Hypertension, nephrosclerosis, ure- | +++ 260/170 | Gr. IIT 4.0 2.5 6 

mia 

24 | A.F.t | M | 48 | Chr. pyelonephritis & uremia +++4+) 185/105 | Gr. IV | 4.8 | 2.0 5 
Average for males 3.0 4.6 
Average for females 2.6 4.1 


* Deceased. Adrenal cortex normal in size and shape; microscopic examination showed hyperplasia. 

+ Deceased. Adrenal cortex normal in size and shape; microscopic examination showed normal structure. 

t Deceased. Adrenal cortex ncrmal in size and shape; microscopic examination showed a few scattered adenomas 
§ Not included in averages. 

|| K.W.S.—Kimmelstiel-Wilson syndrome. 


in 20 and more so in patients with kidney damage or early ventricular 
failure. In the 3 fatalities (Table 1) the increase in excretion of Ph.S. ma- 
terial was significant, and in view of the very low eosinophil count a con- 
siderable portion of the increase in value of Ph.S. may have been the result 
of excess glucocorticoids. This method of estimation is only semiquantita- 
tive, using Ph.S. to measure the glucocorticoids, mineral corticoids, part 
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of the androgens, and perhaps unknown compounds. The chief endocrine 
offenders (22, 25) in the causation of experimental hypertension are 11- 
desoxycorticosterone acetate (which is a mineral corticoid) and 17-hydroxy- 
11-desoxycorticosterone. At this time there is no satisfactory method to 
estimate only the mineral corticoids in blood and urine. Further, the 
increased corticotropin production during stress has not been measured 
directly. The amount of desoxycorticosterone acetate extracted from 
adrenal cortex is small and to date the work of Reichstein in isolating des- 
oxycorticosterone from the adrenal cortex has not been reproduced. 

In our cases of essential hypertension (Table 1) the average value for 


TABLE 2. URINARY 17-KETOSTEROIDS AND PH.S. IN RHEUMATIC FEVER 


Patient Blood | Hosino- 
No. | | | /hr. | 8) cu. mm. 
22 | 145/80 | 2.85 | 4.8 50 
2 | ALL. ri 21 | 105/65 | 2.2 3.45 272 
3 A.B 42 80/50 | 2.0 1.5 216 
| ED. | F | 12 48 | 125/50 | 2.6 2.0 666 
“ee F | 123 34 | 120/80 | 2.5 2.9 486 
6 M.F. | F 12 20 | 95/55 2.3 1.8 220 
| | | 
_ Average 2.4 2.8 


the Ph.S. was 1.9 mg. per twenty-four hours which is a questionably 
significant elevation and confirms the findings of others (3, 5). In fact, 3 of 
the 7 uncomplicated cases fell in the normal range. 

In those patients in whom hirsutism and obesity were present without 
sufficient clinical evidence to suspect Cushing’s syndrome, there was slight 
but definite elevation of the Ph.S. and in 1 subject, No. 7, there was signifi- 
cant elevation of the 17-ketosteroids above the values found for similar 
patients. These patients are being studied further. 


Rheumatic fever 

In all the cases of rheumatic fever in our series (Table 2), there was 
increased excretion of Ph.S., whereas 17-ketosteroid excretion was de- 
creased. Though rheumatic lesions are produced by giving desoxycorticos- 
terone acetate and salt to unilaterally nephrectomized animals, such le- 
sions have not been reported during administration of desoxycorticosterone . 
acetate to humans. Here the increased excretion of Ph.S. probably is a 
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result of stress and there is no evidence that increased corticoids have 
produced the disease. One should rather look for the cause of the stress in 
the rheumatic fever. 


Cirrhosis of the liver 


Numerous observations in animals (30), as well as in human subjects 
(31, 32), have shown that the liver plays a dominant role in metabolism 
of estrogens, though its exact nature is not well known. In males with 
cirrhosis of the liver the appearance of gynecomastia and testicular atro- 
phy is attributed to an increase in unconjugated urinary estrogens (32). 
There is an increase in urinary excretion of estrogens and a decreased 
excretion of 17-ketosteroids in patients with liver damage due to infectious 
hepatitis (33). Evidence has been presented to indicate that liver insuffi- 
ciency interferes with cholesterol metabolism of the adrenals in animals 
(34). The fundamental structure of steroids, sex hormones and adrenal 
cortex hormones is the cyclopentenophenanthrene ring system and hence it 
is likely that there is considerable upset in the metabolism of steroid hor- 
mones, which probably accounts for the high Ph.S. value. In our cases of 
cirrhosis of the liver, the excretion of 17-ketosteroids was decreased and 
that of Ph.S. was increased (Table 3). It is significant that there was a 
high excretion of Ph.S. in the normotensive patients in this group. 


TABLE 3. URINARY 17-KETOSTEROIDS AND PH.S. IN CIRRHOSIS OF THE LIVER 


Eosino- 

Phs., | 17-K8, | Phils 
Case a (mm. Hg) mg./24 | mg./24 per 

Initials Age Sex hrs. hrs. 
1 L.F. 58 M 116/68 4.5 1.6 100 
2 TW." 58 M 118/62 3.8 0.75 140 
3 1K, 54 M 112/72 3.3 1.8 343 
4 A.M. 32 M 98/56 4.3 £:2 66 
5 P.W. 52 M 108/62 ee 2.2 121 
6 B.F. 60 M 128/70 3.8 1.4 143 

Average 4.2 16 


* Deceased. Both kidneys and adrenal cortex were normal, macroscopically and 
microscopically. 


Thyroid disease 


Athyroid adrenalectomized animals survive longer than adrenalecto- 
mized animals (35). Administration of thiouracil leads to a reduction in 
metabolic activity and to adrenal cortical atrophy (36). Administration 
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of thyroxine to animals results in an increase of weight of the adrenals 
(37). The basal metabolism is reduced in Addison’s disease and giving 
thyroxine to a patient with Addison’s disease has a deleterious effect. In 
our 2 cases of myxedema there was a definite decrease in excretion of both 
Ph.S. and 17-ketosteroids, confirming the findings of others (2, 3, 11, 38), 
whereas in 4 out of 5 cases of hyperthyroidism there was an increased ex- 
cretion of Ph.S. but 17-ketosteroids were decreased. Using different meth- 
ods, some investigators (1) found normal corticoids in a hyperthyroid 
patient, whereas others (3) in 9 cases found 1 elevated, 1 normal and 7 
subnormal levels of formaldehydogenic steroids. In hyperthyroidism the 
patient is under considerable stress, with consequent increase in the re- 
quirement of adrenal cortical hormone; the reverse is the case in myxe- 
dema. In 1 patient with severe hyperthyroidism the Ph.S. excretion was 
low. Perhaps there was increased utilization or an exhaustion of the ad- 
renals. In dogs, adrenal cortical extract appears to counteract the delete- 
rious effect of thyroxine on nitrogen balance (39). It is likely that functional 
change in tissue cells leads to an increased hormone utilization in stress 
and the increased production of Ph.S. is a part of homeostatic adjustment. 
This suggests a definite relationship between adrenal cortex and thyroid 
(Table 4). 


Tas Le 4, URINARY 17-KETOSTEROIDS AND PH.S. IN HYPOTHYROIDISM 
AND IN HYPERTHYROIDISM 


Ph.s., | 17-KS, 
% : mg./24 mg./24 
We. Initials Sex Age hrs. hrs. 
1 DT. F 15  —30 0.5 1.65 
2 A.M. F 1 —25 0.45 1.8 
3 F 63 +47 3.0 3.0 
4 M.L. F 49 +59 2.65 4.5 
5 B.R. F 12 +50 2.16 3.0 
6 M.F. F 13 +32 2.4 3.6 
7 Lik. F 34 +81* 0.95 520 
Hypothyroidism—average 0.5 
Hyperthyroidism—average 2.3 4.0 


* In this 1 case of hyperthyroidism, both the urinary Ph.S. and 17-ketosteroids were 
decreased. 


Diabetes 


In patients with uncomplicated diabetes (Table 5) the urinary excretion 
of 17-ketosteroids was decreased, whereas the excretion of urinary Ph.S. 
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was within normal limits. Others (1) have found normal values for both 
17-ketosteroids and glycogenic corticoids. The diabetes in these patients 
was fairly well controlled. In view of the role the adrenal cortex plays in 
carbohydrate metabolism, more information may be obtained by studying 
untreated diabetics (40, 41). 


TABLE 5. URINARY 17-KETOSTEROIDS AND Pu.S. IN DIABETES MELLITUS 


Patient 

17-KS, 
Cas ./24 hrs. ./24 hrs. 
Initials Sex Age mg./ 

1 M.B F 17 1.55 4.50 

2 D.G M 17 1.46 5.00 

3 G.M M 15 1.40 4.25 

4 M.H F 18 1.70 5.50 

5 C.S. M 24 1 6.20 

Average 1.60 6.10: 

Leukemia 


The recent evidence indicates that functional activity of lymphoid tissue 
‘is intimately related to activity of the adrenal cortex. In view of the pos- 
sible involvement of the adrenal cortex in leukemia, the excretion of uri- 
nary Ph.S. and 17-ketosteroids was determined in 2 patients with chronic 
lymphatic leukemia. A decrease was found in the excretion of 17-ketos- 
teroids (1.8 mg. per twenty-four hours in Patient L.D. and 3.8 mg. in 
J.F.) and an increase in the excretion of urinary Ph.S. (3.6 mg. per twenty- 
four hours in L.D. and 2.6 mg. in J.F.). It has been shown that following 
administration of ACTH there is a fall in lymphocytes to 50 per cent of 
that in normals. With this in mind, a dose of 25 mg. of ACTH was given 
to a patient (L.D.). There was neither a significant fall in lymphocytes 
nor a significant change in the excretion of 17-ketosteroids and Ph.S. In 
Patient J.F., a total of 50 mg. of ACTH given in divided doses was not ac- 
companied by a fall in the lymphocytic count, but there was considerable 
increase in the urinary excretion of 17-ketosteroids and of Ph.S. as well as 
a significant fall in eosinophils. 


Anorexia nervosa 

Venning and Browne (1) found low 17-ketosteroids and normal to slight- 
ly subnormal glycogenic corticoids in anorexia nervosa. In malnutrition, 
the pituitary passes into a stage of functional hypoactivity which results 
secondarily in hypofunction of other endocrine glands. Selye (42) has noted 
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less secretion of pituitary gonadotropins during malnutrition. 

In our case of anorexia nervosa the excretion of urinary 17-ketosteroids 
(1.8 mg. per twenty-four hrs.) as well as Ph.S. (0.5 mg. per twenty-four 
hrs.) was reduced, indicating the hypofunctional state of adrenal cortex. 
The poor response to epinephrine also suggests that there was hypofunc- 
tion of the pituitary or adrenal cortex. The normal response to the 25-mg. 
ACTH test of Thorn et al. (43) indicates that function of the adrenal cor- 
tex was normal but that it was not receiving adequate stimulation from 
the pituitary gland. The patient subsequently showed a steady improve- 
ment with tube feeding and medical management. 


Postoperative patients 

In 3 patients, following surgical procedures, there was no significant 
rise in the urinary 17-ketosteroids but there was an increase in the excre- 
tion of urinary Ph.S., confirming the observations of others (2). After the 
third postoperative day there was a decrease in 17-ketosteroid excretion 
but excretion of urinary Ph.S. remained elevated for some time. This sug- 
gests that excretion of Ph.S. is a more sensitive index of adrenal cortical 
activity. However, the test does not differentiate between mineral corti- 
coids, glucocorticoids and androgens, and leaves one in doubt as to which 
class of substances is increased. 


Cryptorchidism 

In a cryptorchid patient, following injection of anterior pituitary-like 
substance (A.P.L.), there was no significant rise in the excretion of 17- 
ketosteroids or of Ph.S., but on giving 25 mg. of ACTH there was a signifi- 
cant increase in both 17-ketosteroids and Ph.S. This suggests that in this 
patient the principal source of 17-ketosteroids was the adrenal cortex. 


Adrenal and gonadal lesions 

-In 2 cases of Cushing’s syndrome, the excretion of urinary 17-ketos- 
teroids was only slightly elevated but the excretion of Ph.S. was high 
(Table 6, Cases 1 and 2), confirming the findings of others (1, 2, 3). The 
low eosinophil count suggests the excess production of glucocorticoids. 
Both patients were hypertensive. In the cases of pseudohermaphrodism 
and of sexual precocity (Table 6, Cases 3 to 7) the 17-ketosteroids were 
elevated but the Ph.S. values were only slightly elevated, confirming in 
general the observations of others (1, 2, 3). Heard, Sobel and Venning 
(44) have reported in 4 normal children aged 23 to 7 years, excretions of 
Ph.S. ranging from 0.32 to 0.79 mg. per twenty-four hours. The elevation 
of 17-ketosteroids can be best appreciated by comparison with values from 
normal children of similar age (45) which ranged from 0.15 to 1.4 mg. In 


November, 1951 ADRENAL METABOLITES IN VARIOUS DISEASES 1391 


Tape 6. URINARY 17-KETOSTEROIDS AND PH.S. IN CUSHING’S AND 
ADRENOGENITAL SYNDROMES 


! 


Patient Eosino- | 
| Ph.S., | 17-KS, phils 
Seas | mg./24 | mg./24 per Diagnosis 
No, | Initials | Sex | Age hrs. 
1 M.T. F 32 8.5 18.0 19 Cushing’s syndrome 
2 C.V. F 34 4.8 17.0 26 Cushing’s syndrome 
3 Wek. F 5 10 6.5 Sexual precocity 
4 M 44 | 0.75 6.0 372 Sexual precocity 
5 DT. F 9 0.9 -746 Pseudohermaphrodism 
—130 
Ne. F 2 0.48 4.03 Pseudohermaphrodism 
7 W.F. F 6 0.75 1.0 320 Pseudohermaphrodism 
17| | {5.8 88.0 189 | Virilism 
After surgery{ | |2.0 6.8 


a case of virilism (Table 6, Case 8) due to adenoma of the adrenal, both 
the Ph.S. and 17-ketosteroid excretions were increased but they returned 
to normal following surgery. 


CONCLUSIONS 


1. The excretion of urinary phosphomolybdate-reducing substances 
(Ph.S.) and of 17-ketosteroids has been studied in patients with various 
diseases. 

2. The observations of previous workers that there is a low urinary 
excretion of 17-ketosteroids in hypertension, cirrhosis of the liver, rheumat- 
ic diseases, diabetes, anorexia nervosa, chronic lymphatic leukemia, myx- 
edema and hyperthyroidism, were confirmed. 

3. The urinary excretion of Ph.S. was increased in hypertension, rheu- 
matic diseases, cirrhosis of the liver, hyperthyroidism and chronic lym- 
phatic leukemia. 

4. The values for 17-ketosteroids and Ph.S. did not always run parallel. 
Ph.S. excretion appears to be a more sensitive index of adrenal cortical 
activity, although it does not show to what extent the mineral corti- 
coids, glucocorticoids and ‘the androgens individually are stimulated by 
stress. 

5. In Cushing’s syndrome, the values for urinary Ph.S. were high and 
those for 17-ketosteroids were within the upper limits of normal, or slightly 
elevated. In the adrenogenital syndrome the 17-ketosteroid excretion was 
increased, whereas Ph.S. excretion was only slightly elevated. 

6. There was increased Ph.S. or corticoid excretion in hypertension and 
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in rheumatic disease, but with the available evidence it is difficult to say 
that the increased corticoids were causally related to these two diseases 
which are included under Selye’s so-called ‘‘diseases of adaptation.”’ 

7. Following injection of anterior pituitary-like substance into a crypt- 
orchid patient there was no significant rise in urinary 17-ketosteroids or 
in Ph.S., but there was a significant rise in both following ACTH admin- 
istration. 

8. A low 17-ketosteroid value is found in a variety of diseases and may 
reflect the state of general nutrition of the patients. When there is a signifi- 
cant rise in 17-ketosteroids it is reasonable to suspect changes in the activ- 
ity of the adrenal cortex. 

9. Administration of 50 mg. of ACTH failed to show any change in the 
lymphocytic count in a case of chronic lymphatic leukemia, but caused a 
drop in the eosinophils. 
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ADRENOGENITAL SYNDROME WITH ASSOCIATED 
EPISODES OF HYPOGLYCEMIA 


FORREST P. WHITE, M.D.* ann LEE E. SUTTON, M.D. 
From the Department of Pediatrics, Medical College of Virginia, Richmond, Va. 


HE adrenogenital syndrome is a typeof hyperadrenocorticism char- 

acterized by excess production of adrenal androgens. When it occurs 
congenitally it is due to hyperplasia of the adrenal glands, and is mani- 
fested as pseudohermaphrodism in females and macrogenitosomia praecox 
in males. Wilkins (1) has recently described the syndrome and collected 
99 such cases from the literature and his own observations. A postnatal 
variety of adrenogenital syndrome also occurs, and is caused usually by 
adrenal tumors. Forty-one cases are mentioned by Wilkins (1). 

Wilkins, Fleischmann, and Howard (2) and Butler, Ross and Talbot (3) 
in 1939 first described cases of adrenogenital syndrome in which Addison- 
ian symptoms of acute adrenal insufficiency occurred. Zuelzer and Blum 
(4) recently collected 17 such cases from the literature and added 4 of 
their own. Since their review, 2 cases have been reported by DeJong and 
Schaberg (5), 1 case by Chenoweth (6), and 1 case by the New York 
Hospital group (7). At least 3 and possibly more of 13 cases reported by 
Allibone, Baar, and Cant (8) as “‘interrenal syndrome” were probably 
due to the same condition. 

All the reported cases of adrenal insufficiency in adrenogenital syndrome 
were apparently due to deficiencies, either absolute or relative, of the des- 
oxycorticosterone-like (Na-K) hormone of water and electrolyte metab- 
olism. They were characterized by low serum sodium and high potassium. 
Blood sugars when recorded were not abnormally low. Determinations of 
urinary corticosteroids were normal or slightly elevated. There has thus 
been no clinical or laboratory evidence of deficient production of the ad- 
renal carbohydrate-regulating or ‘‘S’’ hormone. 

The following case of the adrenogenital syndrome in a female pseudo- 
hermaphrodite is presented because of an associated deficiency of adrenal 
“S” or carbohydrate-regulating hormone, as evidenced by hypoglycemia. 
abnormal hypersensitivity to insulin and decreased corticosteroid excre- 
tion. In its combination of androgen excess and “‘S’”’ hormone deficiency, 
this case is unique. 


Received for publication June 30, 1950. 
* Present address: 1204 Colonial Avenue, Norfolk 7, Va. 
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CASE HISTORY 


First admission 


B.R. a 4-year-old, white, female patient at the Crippled Children’s Hospital, had 
been well except for a quiescent chronic osteomyelitis until February 23, 1950, when she 
refused breakfast. She was put to bed where she soon vomited greenish-brown liquid and 
became pale, cool, and unresponsive. She was sent immediately to the Medical College 
Hospital. A tentative diagnosis of hypoglycemia was made in the Emergency Room and 
blood was drawn for a sugar determination which was later reported as 20 mg. per cent. 
During an intravenous infusion of 50 per cent dextrose, the patient suddenly regained 
consciousness and sat up. 

The following history was later obtained from the parents. The child was one of fe- 
male twins born spontaneously at seven months’ gestation, and weighed 3 pounds 2 
ounces; the twin weighed 4 pounds. Enlargement of the clitoris was noted at birth. The 
infant did fairly well on breast milk and in a heated crib at home until the age of 6 
weeks, when she suddenly became pale, cold, and limp. Her physician gave her three 
teaspoonsful of milk and she revived. At 8 weeks, an abscess of the right leg c _trred. 
The acute inflammation subsided with penicillin therapy, but osteomyelitis developed. 
Multiple abscesses continued to form until the age of 21 months, and five operations for 
drainage were performed. 

At 21 months of age, the child entered Crippled Children’s Hospital and had remained 
under treatment there, except for visits home. Her development was retarded and she 
did not sit or crawl until 12 months old. At 24 months, she began hobbling around with 
her right leg in a cast. Several dark, coarse hairs were noted around the pubis and rectum 
when the child was 3 years old. While on a visit home in March 1949, the child suddenly 
vomited before breakfast and became limp, cold, and unconscious. She recovered over a 
three-day period of treatment with parenteral fluids at a local hospital. At Crippled 
Children’s Hospital in June 1949, following incision and drainage of an abscess from the 
osteomyelitis, she suffered an unexplained collapse, associated with abdominal distension 
and acidosis. After a stormy course, she recovered. In August 1949, she was exposed to 
measles, received an injection of immune globulin, and had a mild case of measles with 
no sequelae. 

Both parents were living and in good health. The mother stated that she had pyelitis 
and high blood pressure while pregnant with this child. The mother’s pregnancies re- 
sulted first in a full-term stillborn male; then in 3 normal infants who are now living and 
_ well, and finally in the patient and her twin. The twin did well from the first, had always 
been larger than the patient, and had developed normally both physically and mentally. 
Among the near relatives, there was no history of any unexplained death in infancy. 

Examination of the patient on admission, after she had regained consciousness, re- 
vealed a well nourished child who was small for her age, but generally well developed 
(Fig. 1). The bodily contours were feminine, except that the musculature of the arms 
and shoulders was unusually well developed. This pronounced development was at- 
tributed to the fact that she had used crutches and a walker for months, since the right 
leg had been in a cast. Her temperature was 98° F., pulse 90, respirations 20, and blood 
pressure 95/70 mm. Hg. 

Her age was 47's years; weight (with cast), 14.1 Kg.; height, 99 cm.; crown to 
pubes measurement, 53 cm.; pubes to floor, 46 cm.; span, 93 cm.; chest circumference, 
52 cm.; and head circumference 44.5 em. 

The skin was of good turgor and showed no abnormal pigmentation. Tympanic mem- 
branes showed scarring but no inflammation. Eyes, nose, and throat were normal. The 
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chest was clear, and the heart and abdomen were normal. Genitalia: several coarse, dark, 
long hairs were present around the genitalia and around the anus; the clitoris was defi- 
nitely enlarged, the prepuce forming a heavy hood-like covering over it; a small vaginal 
orifice was present in the normal position; no separate urethral opening was seen. 
Catheterization later revealed that the urethra opened into the vagina, forming a com- 
mon urogenital sinus. On rectal examination, a small mass was felt which was believed 
to be the uterus. 

Deep reflexes were hyperactive and equal. No pathologic reflexes were noted. The 


Fig. 1. B.R. Note the enlarged clitoris. Coarse dark hairs present around the pubic area 
and anus are not visible in this photograph. 


child was alert and cheerful. Although she said no understandable words, her response 
to simple commands and behavior with toys and test materials suggested a mental age 
of from 18 to 24 months. 

Blood studies on admission showed hemoglobin 13.0 Gm., RBC 4.8 million, WBC 
21,600 with PMN 61, E 1, L 36, and M 2 per cent. Catheterized urine was normal 
except for a little traumatic blood. 

Other laboratory studies made during hospitalization (February 23, 1950 through 
April 11, 1950) included: fasting blood sugars, 94, 79, 76, 76, and 84 mg. per cent; NPN 
19 mg. per cent; serum bicarbonate 23.0 and 24.5 mEq./L; chloride 103 and 101 
mEq./L; sodium 140, 136, and 140 mEq./L; potassium 4.4, 4.3, and 4.9 mEq./L; cal- 
cium 11.4 mg. per cent; phosphorus 3.0 mg. per cent; total bilirubin 0.2 mg. per cent; 
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plasma protein 6.76 Gm. per cent; albumin 3.84 and globulin 2.92 Gm. per cent; BSP 
retention 6.9 per cent after forty-five minutes. A test with old tuberculin 1:1000 gave 
negative results in seventy-two hours. There was an eosinophil depression of 43.5 and 
56.4 per cent four hours after injection of 0.2 cc. of epinephrine hydrochloride 1:1000. 
The 24-hour urine volume was 270 cc.; sodium 196 mEq./L; potassium 80 mEq./L; 
17-ketosteroids 3.9 mg., and corticosteroids 0.11 mg. 

The following 24-hour urine determinations were reported from the laboratory of 
Dr. Lawson Wilkins: 17-ketosteroids 9.5 mg.; corticosteroids 0.14 mg.; and estrogens 
(Jailer) 19.9 gamma. 

Responses of the fasting blood sugar to glucose, insulin, and epinephrine are shown 
in Figure 2. 
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Fig. 2. Glucose and insulin tolerance tests. 


xX X Glucose orally; dose, 2 Gm./Kg. 
X- — — -X Insulin intravenously; dose, 0.067 u/Kg. 
@——-@ Insulin intravenously; dose, 0.1 u/Kg. 


At the points marked by arrows, epinephrine hydrochloride 1—-1000 was injected sub- 
cutaneously, in a dose of 0.01 ce./Kg. 


An electroencephalogram was not entirely satisfactory because the patient was 
asleep, but no definite abnormality was reported. _ 

X-ray examination of wrists, shoulders, and pelvis suggested a bone age of approxi- 
mately 6 years. Skull roentgenograms showed moderate convolutional atrophy through- 
out the skull vault, but no other abnormalities. An intramuscular pyelogram gave normal 
results. 

The child was given a general diet plus a bedtime feeding, but received no extra salt. 
She did well and had no recurrences of spontaneous hypoglycemia. During the insulin 
tolerance tests, she became very drowsy and she twitched a few times thirty-five minutes 
after injection of the insulin (1.5 units intravenously) in the first test. After a period of 
study, she returned to the Crippled Children’s Hospital. 
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Second admission 


The child was readmitted on March 1, 1951, at the age of 5; years for further 
studies. Bone age was reported as “at least eight years.’”’ Serum calcium was 8.9 mg. per 
cent, phosphorus 3.9 mg. per cent, and alkaline phosphatase, 3.3 Bodansky units. 

In the first 24-hour urine specimen from March 16 to March 17, 1951, the 17- 
ketosteroids were 10.8 mg., and the neutral reducing lipids, 0.20 mg. The circulating 
eosinophils were 228/cu. mm. At noon March 19, 1951, 10 mg. of ACTH was started 
every six hours and continued until noon March 28, 1951. It was planned that the 
24-hour urine steroids and the blood eosinophils would be followed during this period 
and immediately thereafter. Unfortunately, none of the urine specimens was satisfactory 
after the one reported above. The child was incontinent and an indwelling catheter was 
inserted. After the first day she became restless and voided frequently around the 
catheter. The catheter caused irritation so that the urine was contaminated with blood 
and finally pus. A temperature of 103° F. developed on the afternoon of March 22, 1951, 
which dropped to normal when penicillin was given and the catheter was removed. 

The course of the eosinophil count is shown in Figure 3. The child was discharged 
March 27, 1951. 


240 


2004 | 


EOSINOPHILS/ CMM. 
@ 
9 


i920. 21 22°23 25° 26 27 
DATE IN MARCH 19521 


Fie. 3. hs Heagonne of circulating eosinophils to ACTH, 10 mg. 
intramuscularly every six hours. 


COMMENT 


The essential diagnostic criterion in adrenogenital syndrome is excess 
production of adrenal androgen. This 4-year-old child’s 24-hour urinary 
17-ketosteroid excretion (3.9 and 9.5 mg.) was at a level appropriate for 
an adult male. Clinically this was manifested by congenital enlargement of 
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the clitoris, a common urogenital sinus, and development of coarse dark 
hairs about the pubic and perianal areas. The bone age was advanced. Mus- 
cular development was approximately normal. Excess muscular develop- 
ment is an important feature in the adrenogenital syndrome in the male, 
but it is not usually seen in the female during early childhood (1). In this 
case, the preservation of feminine contours may perhaps be explained in 
part by the moderately increased estrogen production (19.9 gamma in a 
24-hour specimen of urine by the Jailer method; normal, 5-10 gamma 
(9). 

There was no evidence of imbalance in the salt and water-regulating 
function of the adrenal cortex in this case. Values for serum and urinary ° 
electrolytes were repeatedly normal. 

The unique feature in this case was the deficiency of carbohydrate- 
regulating or ‘‘S’’ hormone. Urinary excretion of corticosteroids was low— 
0.11 and 0.14 mg./twenty-four hours on the first admission, and 0.2 mg. on 
the second admission (normal range, 0.3 to 0.6 mg.). Clinically, this de- 
ficiency of ‘‘S’’ hormone was manifested by the episode of hypoglycemia 
on admission to this hospital, as well as by three episodes in the past which 
were probably also due to hypoglycemia. The blood sugar responses to 
oral glucose and to intravenous insulin and epinephrine are instructive 
(Fig. 2). After oral administration of 2 grams of glucose per kilogram, the 
blood sugar rose to 150 mg., then fell rather slowly to normal without any 
hypoglycemic phase. This type of curve rules out hyperinsulinism as a 
cause of the patient’s hypoglycemia. After the blood sugar had fallen to 
normal, 0.15 ce. of epinephrine was injected subcutaneously and the level 
rose again to 130 mg. This suggests that there is no significant impairment 
of hepatic glycogenolysis in response to epinephrine. 

Insulin tolerance was measured on two occasions, using insulin intra- 
venously in dosages of 0.1 u/Kg. and 0.067 u/Kg. The blood sugar dropped 
to levels of 20 mg. and 22 mg. In each instance the minimum level was 
not reached for two hours, and the recovery phase then began so slowly 
that the levels were still 30 mg. at four hours (Fig. 2). This slowness with 
which the minimum levels were reached is probably explainable by the 
sustaining effect which hepatic glycogenolysis had upon the blood sugar 
level. Exhaustion of hepatic glyrogen—which was demonstrated by the 
lack of response to epinephrine injected at the three-hour mark in one of 
the tests—removed this sustaining effect and allowed severe hypogly- 
cemia to occur. In the normal person, the blood sugar is also sustained and 
severe hypoglycemia prevented by gluconeogenesis of glucose from amino 
acids under the influence of adrenal “‘S”’ hormone. Thus, the extreme hy- 
persensitivity to insulin of our patient is strong evidence of a deficiency in 
her production of the adrenal ‘‘S’” hormone of gluconeogenesis. 
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The eosinophil depression after epinephrine injection, averaging 50.0 
per cent on two occasions, is well within the normal limits for children, as 
previously described by us (10). On the second admission the response to 
repeated injections of ACTH in a dose of 10 mg. every six hours, was de- 
termined (Fig. 3). Eosinophil depression after the first dose was again nor- 
mal (49 per cent), but during the next three days the eosinophil level be- 
came stabilized at about 15 to 25 per cent below the initial level. Normally 
a progressive fall to levels near zero would be expected. Since eosinophil 
depression is affected by the carbohydrate-regulating hormones, this is 
further evidence that this patient’s ability to produce these hormones was 
severely limited and quickly exhausted. Of interest is the fact that the eo- 
sinophil level dropped to 11/cu. mm. the day after ACTH was stopped. 
This decrease appeared to be a response to the urinary infection and fever, 
which occurred at that time. 

The finding of low serum phosphorus (3.0 mg. on the first admission, 
and 3.9 mg. on the second admission) is of interest. We were unable to 
determine whether this was caused by the chronic osteomyelitis, by the 
altered carbohydrate metabolism, or by the increased androgen production. 
It is quite possible that all three factors had their effect. 

In brief, the production of carbohydrate-regulating hormone was ap- 
parently adequate for the patient’s usual needs, as manifested by the nor- 
- mal blood sugar values, normal hepatic glycogenolysis in response to epi- 
nephrine and ACTH, and only moderate lowering of the 24-hour excretion 
of corticosteroids. That this hormone was quickly exhausted and inade- 
quate for stress is indicated by the episodes of hypoglycemia, the prolonged 
shock after minor surgery, hypersensitivity to insulin, ‘and abnormal 
eosinophil response to repeated injection of ACTH. 


SUMMARY 


A case history is presented of the adrenogenital syndrome in a 4-year-old, 
white female pseudohermaphrodite, who showed clinical and laboratory 
evidence of adrenal insufficiency with respect to the carbohydrate-regulat- 
ing or “‘S’’ hormone. To our knowledge, this combination of excess adrenal 
androgen and deficient adrenal ‘‘S” hormone has not previously been re- 
ported. 
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HORMONAL ACTIVITY IN SEMEN 


To THE Epiror: 


The search for testicular hormones or principles capable of causing in- 
hibition of pituitary gonadotropin production led us to investigate the 
effect of parenteral administration of semen to male and female rats. At 
this time we were unaware of the findings of Dirscherl et al. (1), Green- 
Armytage et al. (2) and Riisfeldt (3). The last author, using subcutaneous 
injections of whole semen, produced estrus in spayed rats and hemorrhagic 
follicles in immature animals. Dirscherl, using a color reaction which he 
feels to be characteristic of substances of the trans-dehydroandrosterone 
group, found this reaction to be positive with extracts of human and bull 
spermatozoa. Green-Armytage ef al., working on the hypothesis that there 
must be present in semen a principle capable of causing the enlargement 
of the uterus observed in women after a few months of marriage, found 
uterine stimulation in immature rats, mice and does, using injections of 
- whole semen. Extracts of the precipitate formed after addition of acetone 
were also found to be active by these investigators. Estrogenic activity 
has, so far as we are aware, never been related to the spermatozoa. 

Our own investigations have comprised the use of human and bull saline 
suspensions of spermatozoa and later on, of ether extracts of the washed 
cells. Table 1 shows the effects obtained with such injections in the im- 
mature female rat and in the spayed adult rat sacrificed five days after 
the daily administration of the preparations. Uteri and ovaries were 
weighed fresh, but adrenals and thymus were weighed after fixation in 
Zenker’s fluid. The uteri were filled with fluid and some of the injected 
animals’ ovaries showed hyperemia. The vaginas were closed in all im- 
mature animals and vaginal smears in the adult spayed animals showed 
no estrus. Evidence of toxicity was apparent in the ether extract by the 
adrenal enlargement and thymus involution present in the treated ani- 
mals (Exp. No. 2). Assay of single human ejaculates in saline suspen- 
sions have so far indicated no direct correlation between the uterine weight 
stimulation and the sperm cell count. One of such experiments is recorded 
in Table 1 (Exp. No. 3). 

Similar assays have been performed in the immature castrate male rat 
using the prostatic phosphatase method (Schaffenburg and McCullagh, 
(4)) as a measure of androgenic activity. The results of some of these ex- 
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periments are recorded in Table 2. Extracts were prepared by the method 
of Friedgood and Garst (5) for the fractionation of phenolic and neutral 
steroids after hydrolysis of the washed spermatozoa with concentrated 
HCl. The neutral fraction was used after dissolving it in sesame oil. In- 
jections were given daily for three days and the animals were sacrificed 
on the fifth day. Prostatic alkaline phosphatase was determined by the 
method of Huggins and Talalay (6). 


TABLE 1. EFFECT OF INJECTIONS OF SPERMATOZOA IN THE FEMALE RAT 


Weight (mg.) 
Exp. a Treatment of Assay 
No. Demription spermatozoa animals Ova- Ad- Thy- 
Uterus ries renals | mus 
Pooled human semen, 50 ce. | Saline cell-suspensions | 5immat. 9 rats 67.4 | 27.3 —_ — 
Count: 46 mill./cc. 
1 
Controls 5immat. 9 rats 30.5 | 23.0 _ _ 
Pooled bull semen, 27 cc. Ether ext. of unhydrol. | 4 adult 9 spayed | 119.7 _ 35.7 | 199.1 
Count: 4 bill. /ce. cells in oil solution rats 
2 
Controls Sadult 9 spayed | 65.0 — 30.1 | 238.6 
rats 
Human semen 
A. 3.0 ce. 15 mill. /ce. Saline cell-suspensions | 1 immat. rat 20.4 | 19.2 12.8 | 150.6 
B. 2.8 cc. 5 mill./ce. limmat. rat 19.2 | 22.0 10.0 98.2 
C. 3.0 cc. 6 mill./ce. limmat. 9 rat 22.0 | 24.6 12.0 | 162.6 
D. 3.0 cc. 5 mill./ec. limmat. rat 24.6 | 23.6 13.0 | 121.0 
3 
Pooled bull semen, 13 cc. Saline cell-suspensions | 4immat. 9 rats 28.3 | 25.1 11.6 84.2 
Count: 530 mill. /ce. 
Controls 4immat. @ rats 16.7 | 21.0 9.8 | 130.1 
TABLE 2. EFFECT OF EXTRACTS OF SPERMATOZOA IN THE 
IMMATURE CASTRATE MALE RAT 
Prostatic alk. 
iia Treatment of No. of | phosphatase 
spermatozoa rats content 
(units) 
Pooled human semen, 21.1 ec. | HCl-hydrolyzed ext. of cells; 1 By | 
Count: 67.2 mill./ce. neutral fract. dissolved in oil 
Controls Uninjected 10.5 
Testosterone controls 500 ug. Testosterone propio- 34.2 
nate 
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Assay of saline cell-suspensions as well as of ether extracts of unhy- 
drolyzed specimens showed little or no activity. 

We believe that these preliminary experiments strongly indicate the 
presence of androgenic and estrogenic activity in spermatozoa. The fact 
that saline cell-suspensions and hydrolyzed extracts are, for the most part, 
active, whereas the product of direct ether extraction of the cells without 
previous hydrolysis shows little activity, seems to indicate that the steroids 
present are in a conjugated form. We should like to point out, in passing, 
the extreme toxicity of some of the ether extracts of unhydrolyzed, washed 
cells. Subcutaneous injections of this material dissolved in oil into im- 
mature rats caused profuse capillary hemorrhages with hemolysis and 
some necrosis spreading widely around the tissues adjacent to the site of 
injection. The animals died shortly after and the collecting tubules of the 
kidney were found to be full of pigment casts (myoglobin ?) and red cells. 
Precipitation of “phospholipid” with saturated magnesium chloride after 
solution in acetone did not remove toxicity. It was, however, removed 
after extraction with alkali. 

Investigations carried on at present are directed toward the chemical 
identification of the substances responsible for the hormonal activity, 
their possible role in the problem of fertility and the nature of the toxic 
“hemolytic” principle present in sperm cells. 


From the Cleveland Clinic and the Frank E. Bunts Educational Institute, 


Cleveland, Ohio. 
E. Perry M.D. 


C. A. ScHAFFENBURG, M.D. 
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EFFECT OF IODOTHIOURACIL ON THE SERUM 
PROTEIN-BOUND IODINE 


To THE Epitor: 

The experimental evidence of the antithyroid activity of iodothiouracil 
has led to the introduction of this compound into clinical practice for the 
treatment of hyperthyroidism. In our preliminary tests of the drug, we 
were disturbed to discover that the material is carried down during the 
precipitation of proteins for the determination of the serum protein-bound 
iodine. Consequently, the administration of iodothiouracil produces a very 
pronounced rise in the PBI. The administration of 50 mg. of iodothiouracil 
four times daily to 5 normal subjects uniformly produced an elevation of 
the PBI to levels too high to read (more than 26 micrograms per 100 ml.) 
within twenty-four hours. When the serum was diluted, it was estimated 
that the PBI concentration ranged from 63 to 119 micrograms per 100 ml. 

The use of the PBI determination is becoming increasingly widespread 
in clinical practice. We have found it to be a valuable aid in following the 
treatment of patients with hyperthyroidism. The fact that iodothiouracil 
interferes with the determination appears to lessen the value of the drug. 
This is particularly true, since other medications which do not have this 
effect are available. In any case, it seems worth while to emphasize the 
fact that the administration of iodothiouracil can be expected to invalidate 
any further use of the serum protein-bound iodine determination until 
some time after the medication has been discontinued. 

Puitie K. Bonny, M.D. 
Grady Memorial Hospital, 
Atlanta, Georgia. 
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The Association for the Study of 
Internal Secretions 


THE 1952 ANNUAL MEETING 


The Thirty-fourth Annual Meeting of The Association for the Study of 
Internal Secretions will be held at the Palmer House, Chicago, Illinois, 
Thursday, Friday, and Saturday, June 5-6-7, 1952. 

The Local Chairman of Arrangements is Dr. Willard O. Thompson. 

All Scientific Sessions will be held in the Palmer House. The rooms in 
which each session will be held will be announced in the program and on 
the hotel bulletin board. The Annual Dinner is scheduled for Friday, 
June 7, at 7:30 p.m., preceded by cocktails at 6:30 P.M. 

All members are urged to make hotel reservations immediately, inas- 
much as the hotels expect to be filled to capacity. Make reservations direct- 
ly with the Palmer House, advising time of arrival and departure date. 
Make your reservations now and avoid disappointment. 

Those wishing to present papers, which will be limited to ten minutes, 
should send four copies of the title and abstract to the Vice-President, 
Dr. Evelyn Anderson, National Institutes of Health, Bethesda 14, Mary- 
land, not later than March 1, 1952. It is imperative that the abstracts be 
informative and complete with results and conclusions in order that they may 
be of reference value and suitable for printing in the program and journals of 
the Association. The following regulations for the preparation of abstracts 
and titles must be carefully followed to insure consideration of the paper 
for the program: 


1. Abstracts may not exceed two hundred words, or equivalent space, 
exclusive of title. No footnotes or acknowledgments to sponsors can 
be published. Referencés, if used, must be placed in the body of the 
text. The abstract should consist of a single paragraph, if possible. 
Structural chemical formulas cannot be used. 

2. The title heading must be arranged as follows: 

Line 1. Title, not to exceed fifteen words. 
Line 2. Author/s. The name of each nonmember-author collaborat- 
ing with member-authors is to be followed by the phrase 
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“(by invitation).”” Names of nonmembers who are intro- 
duced, 7.e., who are not collaborators with member-authors, 
are to be followed by the phrase ‘‘(introduced by .. . ).”” The 
principal degree, e.g., M.D., of each author should be given 
after his name. 
Line 3. Institution of origin and city in which institution is located. 
3. The body of the abstract, typed double-space, should follow the head- 
ing. The original copy should be on bond paper. There should be 
three copies. 
4. Abstracts should be letter-perfect, since there will be no opportunity 
for proofreading by authors. 


1952 AWARDS AND FELLOWSHIPS 
Fellowships 
THE SCHERING FELLOWSHIP IN ENDOCRINOLOGY 


This Fellowship will not be awarded in 1952, so that it may accumulate 
toward a $5,000 Fellowship to be awarded in 1953. 


THE AYERST, McKENNA AND HARRISON FELLOWSHIP 


The Ayerst, McKenna and Harrison Fellowship was first awarded in 
1947 to Dr. Samuel Dvoskin and in 1948 to Dr. Ernest M. Brown, Jr. 
Dr. Brown was re-elected for the Fellowship in 1949. The 1950 Award was 
made to Dr. Lawrence E. Shulman. 

Association Fellowships are designed to assist men or women of excep- 
tional promise in their progress toward a scientific career in endocrinology. 
Fellowships may be awarded to an individual who possesses the Ph.D. or 
M.D. degree or to a candidate for either of these degrees. The stipend, 
which will not exceed $5,000, may be divided into two Fellowships in 
varying amounts in accordance with the qualifications of the appointee. 
The Committee will, in reviewing the proposed program of study, consider 
the amount of time which the Fellow intends to spend in course work and/or 
teaching. He must present evidence of scientific ability as attested by 
studies completed or in progress and/or the recommendation of responsible 
individuals. He must submit a program of proposed study, indicate one 
or more institutions where the proposed program will be followed, and 
submit statements of approval from the investigators with whom he pro- 
poses to conduct his research. He must serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be allotted for course 
work or for participation in teaching, the latter purely on a voluntary basis. 
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Awards 
THE E. R. SQUIBB AND SONS AWARD 


The E. R. Squibb & Sons Award of $1,000 was established in 1939, and 
was given first in 1940 to Dr. George W. Corner; in 1941 to Dr. Philip E. 
Smith; in 1942 to Dr. Fred C. Koch; in 1944 to Dr. E. A. Doisy; in 1945 
to Dr. E. C. Kendall; in 1946 to Dr. Carl G. Hartman; in 1947 to Drs. 
Carl F. and Gerty T. Cori; in 1948 to Dr. Fuller Albright; in 1949 to Dr. 
Herbert M. Evans; in 1950 to Dr. C. N. H. Long; and in 1951 to Dr. J. 
B. Collip. In 1943 no award was given. A special committee of five mem- 
bers of the Association selects the recipient from among investigators in 
the United States or Canada, on the basis of outstanding contributions 
to endocrinology. 


THE CIBA AWARD 


The Ciba Award, to recognize the meritorious accomplishment of an 
investigator not more than thirty-five years of age in the field of clinical 
or pre-clinical endocrinology, was established in 1942, but no recipient was 
selected in 1942 or 1943. In 1944 the award was presented to Dr. E. B. 
Astwood; in 1945 to Dr. Jane A. Russell; in 1946 to Dr. Martin M. Hoff- 
‘man; in 1947 to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; in 1949 to 
Dr. George Sayers; in 1950 to Dr. Oscar M. Hechter; and in 1951 to Dr. 
Albert Segaloff. The Award is for $1,200. If, within twenty-four months 
of the date of the Award, the recipient should choose to use it toward 
further study in a laboratory other than that in which he is at present 
working, it will be increased to $1,800. 


Nominations 


Each member has the privilege of making one nomination for each 
Fellowship or Award. A nomination should be accompanied by a state- 
ment of the importance of the nominee’s contributions to, or interest in, 
endocrinology and by a bibliography of the nominee’s most important 
publications, with reprints if possible. The nominations should be made on 
special application forms which may be obtained from the Secretary, 
Dr. Henry H. Turner, 1200 North Walker Street, Oklahoma City 3, 
Oklahoma, and returned to him not later than March 1, 1952. 


The American Goiter Association 


THE 1952 ANNUAL MEETING 


The next Annual Meeting of the American Goiter Association will be 
held in St. Louis, Missouri, May 1, 2 and 3, 1952, at the Hotel Chase. All 
those who plan to attend are urged to make hotel reservations immediately. 


VAN METER PRIZE AWARD FOR 1952 


The American Goiter Association again offers the Van Meter Prize 
Award of three hundred dollars and two Honorable Mentions for the best 
essays submitted concerning original work on problems related to the 
thyroid gland. Providing essays of sufficient merit are presented in com- 
petition, the Award will be made at the annual meeting of the Association 
which will be held in Saint Louis, Missouri, May 1, 2 and 3, 1952. 

The competing essays may cover either clinical or research investiga- 
tions; should not exceed three thousand words in length; must be presented 
in English; and a typewritten double-spaced copy in duplicate sent to the 
Corresponding Secretary, Dr. George C. Shivers, 100 East Saint Vrain 
Street, Colorado Springs, Colorado, not later than March 1, 1952. The com- 
mittee, who will review the manuscripts, is composed of men well qualified 
to judge the merits of the competing essays. 

A place will be reserved on the program of the annual meeting for pres- 
entation of the Prize Award Essay by the author, if it is possible for him 
to attend. The essay will be published in the annual Transactions of the 


Association. 


* * * 


AWARD FOR OUTSTANDING RESEARCH IN 
THE FIELD OF INFERTILITY 


The American Society for the Study of Sterility announces the opening 
of the 1952 contest for the most outstanding contribution to the subject of 
infertility and sterility. The winner will receive a cash award of one 
thousand dollars, and the essay will appear on the program of the 1952 
meeting of the Society. Essays submitted in this competition must be re- 
ceived not later than March 1, 1952. For full particulars concerning re- 
quirements of this competition, address The American Society for the 
Study of Sterility, 20 Magnolia Terrace, Springfield, Massachusetts. 
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